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(57) Abstract 

Epidermal growth factor 
inhibitors of formula (1). where: at 
least one, and as many as three of i.^^v^ 
A-E are niux)gen, with the remaining 
atom(s) carbon.: or any twp contiguous ; , 
positions in A-E taken together can 
be a single heteroatom. N. O or S. in 
which case one of the twa, remaining 
atoms must be carbon, and .the, othw 

can be either carbon or nitrogen; X « ■ ' 

O, S. NH or NR'. such thaiH? - lower alkyl (1-4 carbon atoms). OH, NH2, lower alkoxy (1-4 carbon atoms) or lower mpnoalkylamino 

(1-4 carbon atoms); n - 0. Iv 2; ' v 




Ar — (R2) 
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BICYCLIC COMPOUNDS CAPAJBLE OF INmBITING 
TYROSINE KINASES OF THE EPIDERMAL 
GROWTH FACTOR RECEPTOR FAMILY 



- - ; Technical Field 

.. .r, o:;, The present invention relates to bicyclic 
.heteroarpmatic compounds which inhibit the- epidermal 
growth factor receptor and related receptors and," in 
-Rarticular, ..their tyrosine kinase enzymic activity. 



Backgroimd Art 



Caihcer is generally a disease of the 
• Intracelluikr " signalling system, or signal 

'"'^f^^^'^.^'"- Celils receive instructions 
'"^"f instructing them to 

-^!^^^®^r^^°^^^^^^^^ ^° Proliferate. The purpose 

. ^^^"f ^^^^^^^ is to receive, these 

' ''^^^^^^^^e^'sighais^ into 
' 't^e- ceil, and' tke^^^^^^^^ signals on ,to the nucleus, 

, and ' transport and protein synthesis 

machinery. The most common cause of cancer is a 
20 ■ series of defects, " e when they 
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are mutated, or in the regulation of the quantity of 
the protein in the cell such that it ^is over or under 
• prociiJLced,^ . Mpst often,, there are; key- lesions in the 
' cell' wiru^ lead, to - ar^q whereby the 

5 cell nucleus receives a signal to proliferate, when 
this signal is not actually present'. This can occur 
through a varieity of Sometimes the cell 

may start to produce an authentic growth factor for 
its own receptors when it should not, the so-called 

10 autocrine. Ipppr .mechanism. . : .. Mutations -to -t 

surface receptors, which usually signal iht'o'^ the cell 
by means of tyrosine kinases, can 'lead to-aetivat ion 
of the kinase in the absence of ligand, and passing of 
a signal which is not really there. Alternatively, 

15 many surface kinasesv can-jDe overexpressed on the cell 
surface leading to an inappropriately strong response 
to a weak signal. There are many levels inside the 
ceil at which mutation or overexpression. can lead to 
the same' 'spurious signal arising in the.., cell., . a^^ 

20 there are many other kinds of signalling, defecp. 

involved in cancer. This invention, touches^ upon 
cancers which ar^^ driven by the three^^ j^®^, 
described, and which involve cell surf ace .receptors of 
the epidermal growth' factor receptor, tyrosine kinase 

25 family (EGFR) . This family consists ofjthe EGF 

receptor (also known as ' Erb-Bl) , the Erb-B2 receptor, 
knd its constituitiveiy active pncoprotein mutant Neu, 
the Erb-B3 receptor and the Erb-B4 receptor. 
Additionally, other biological processes driven 

30 through members of the EGF family of receptors can 
also be treated by compounds of the invention 
described below. 



SUBSmUTE SHEET (RULE 26) 
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, -J^® ..^9^^. ..^as as , its , .-.two .most important 
^^^^^B. .^i'^^F™?.! Growth .Factor .(EGF):r^^and ^Tfansf ormi::g 
, Gfov^h Fa?:tor alEDha^JTGFlalpha): ., vThe r^ecept appear 
to have oiily minor functions , in. adult . -humaiis, but are 
apparently implicated in. the disease process of a 

of all cancers, especially colon and' 
breast cancer. The closely related Erb-B2 Erb-B3 and 
:."=.eptors have a family.^of .Heregulihs as -their 
major ligands, and receptor overexpression and 
mutation have been unequivocally demonstrated as the 
major ris^ factor in poor prognosis breast cancer. 
^'^^^.^.^^^^^T' i^Jias been, demonstrated . :that all four- 
of the members of thi^; family of -receptors' can form 
.^^^^^Pf^^'^^F^^ signalling complexes, with^ other members 
"^^■^^ family, and that .this , can lead to synergistic 
transforming capacity. if more than one member of the 
family is .oyerexpressed in a malignancy. ' 
9y?5.^^Fession of more . than , one family member has been 
shown to be relatively common in human malignancies. 



The proliferative skin disease psoriasis has 
3°°*^. ^'^^^ -^^ present. It is- often treated by 
:?^l^^^^s^.#3ents such as methotrexate,: which have 
side effects-, and' which are^ not very 
. f'^-.;the t^^ 

I'f is believed that; TGFaipha: . is the major 

oF?!'!^^ factor overproduced in psoriasis; since 50% of 
: : ^^fB^^f^^9 .mice .which ; pverexpress^- TGF^ alpha develop 
.■ : ,Pf9^iasis . This.,, suggests, that a. good inhibitor of 
, EGfR. signalling,.:Couldi:;be used- as-Van antipsoriatic 
^'^■ v: .^gent,, preferably,: but not necessarily; by- topical 
dpsing. . •,■•. .■.■ ■■...■ ■■,>:.".' 
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EGF is a potent mitogen for renal tubule 
cells. Fourfold increases in both EGF urinary 
, - secreti^^^ in mice with 

.:early stage, streptcDzoicih- induced' (diabetes'. In 
^^5 .,^addAtipn ^increased ex^ been 
noted :in: patients with proliferative 
glomerulonephritis (Roychaudhury " et al . Pathology 
.19.93, 25^ 327) . The compounds of the current 
invention should be useful in treating both 
10 proliferative- glomerulonephritis and diabetes -induced 
renal disease . - 

: - Chronic pancreatitis in patients has been 
■reported, to; correlate with large increases in 
expression: tfor^^bcth EGFR and TGF alphai. (Korc et al. 

15 . Gut 1994, ^^3S, 1468) . In patients shoWihg^ more 

.severe, form- of the disease, typified 'By an enlargement 
of the head of the pancreas, there was' also '^hown to 
be overe3cpression of the erb-B2 receptor (Firiess et 
al._ Ann. Surg. 1994, 220, 183) . The compoiirids of the 

20 current invention should prove useful in the' treatment 
of pancreatitis. 

In ;the processes' of- blaistocyte maturation, 
blastpcyte- implantation inta the uterine endometrium, 
and other, periimplantation events, uterihia tiMues " 

25 produce .EGEI: ^and: TGF alpha (Taga Mippcm San^ Fixjinka 
GakkaL Zasshdi:. 1992 ,: 44 , 93-9 ) , - have elevatieci" levels of 
EGFR .(Brpwn^ et. al ., . Endocrihology, 1989 ; 124, ' 2882 ) , 
and |(iay , well: be^ EGF 
by the proximity of the developing > but not -'aLri^ested, 

30 blastpcyte (Das; et. al . i I^eveliopmerit: 1994 / I2b^'^'l071) , 
In. turn the blastocytevhas^'quite a high' 'level'^of TGiF' 
alpha and EGFR expression (Adamson Mol , Reprod. Dev. 
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.^'^'.■■^^^ ' ^"^I^'^^-^ removal of the submandibular 
giknds;- the n^jor''s^ EGF ' secretion;:^ 'the body, 

^ 'anti-EGFR' monoclonal antibodies 
■•^ botli gi^eitlf;^ red:uce; fertilit in mice,::(Tsutsumi ;et al. 
J. Endocrinology 19"9i,' 138, 437) , by reducing 
successful blaspocyte implantation . Therefore , 
compounds of the current i^yeiit ion should- prove to 
have' useful "contraceptive, properties 

,. patent app^c^tion. Nos. ,W092/p7844 
published Ma^^^ 1992 ' and W092/14716 published 
September '3, 1992 describe 2 , 4-diaminoquina2oline as 
potentiators .of chemoth^^ in the 

treatment of cancer. 

• published November 26', 1992, .discloses, bismono- and 
bicyclic aryi 'and heteroaryl compounds., which inhibit 
EGF and/or PDGF receptor .tyrosine, kinase. 

r..r.,.' <^f^ the present., invent ion to 
^ "'f tc)genic effects^, of epidermal, growth 
factor utili-zin^ an amo^t. of . , bicyclic 

pyrimidine 'derivatives, in particular fused 
heterocyclic pyrimidine derivatives.,, 

., another obj^ 

invention to describe bicyclic ^pyrimidine,, derivatives, 
in particular fused heterocyclic pyrimidine 

,ip^i|5itors,^,of the EGF, Erb-B2 and Erb-' 
B4 receptor^'tyirosihe'^ " 

... 1 1 . -;is ■ yet another ob j ect "of the present 
invention tcT- ddkcribe^ bicyclic pyfiHiciine 'derivatives. 



wo 95/19774 



PCTAUS95/00941 



-6- 

in particular fused heterocyclic pyrimidine 
derivatives,^ that are "useful at low dosages as 
inhibitors 6f EGF-induced mitogenesis . This therefore 
leads to a fiirther object "of compounds .haying 
" '5 • extremely low cytotoxicity - 

it is a' furth the present 

invention to describe bicyclic pyrimidine derivatives, 
in particular fused heterocyclic pyrimidine 
derivatives, that are useful in suppressing tumors, 
10 especially 'breas£ cancers, wliere mitogenesis is 
heavily driven by EGFR family members. 

It is another object of the present 
invention to describe bicyclic pyrimidine derivatives, 
in particular fused heterocyclic pyrimidine 
15 derivatives, that Have utili try as' chronic therapy as 
inhibitors of EGF-induced responses. 

It is anbtheli: object of the current 
invention to describe bicyclic pyrimidine derivatives, 
in particular fused heterocyclic pyrimidine 

20 derivatives, that Have utility as therapeutic agents 
against proliferative "overgrowth diseases, including 
but not limited to, 'synovial pannus invasion in 
arthritis, vascular restenosis, psoriasis and 
angiogenesis . The compounds disclosed herein ilso are 

25 useful ;td treat pihct kidney disease and as 

■ a contraceptive ag^nt.' ' / : ' 

Summary of the Invention 

Described is a method to inhibit epidermal 
growth factor by treating,,, \^ith. M^^ 
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inhibi ting amount, a mammal, in need thereof, a 
compound of Formula I : 



Ri 




Pomiula I 

wherein at least on.e, and as many as three 
^ ^^f^ J^^ ^^^^^^^^ atqm(s) 

, "^^^^^r .f^^y ^.^^^ in A-E taken 

' tbgetfc 0 or S, in 

^^^.^^ ^^^^.P^^ .the two remaining atoms must be 
caripoh, and the other can be either carbon, or 
10 nitrogen; 

X = 0, S, m OT l^^^ that rV= lower 

alkyl (1-4 carbon atoms) ,,pH, NHj, lower alkoxy (1-4 
car^Don atoms) or lower monoalkylamino (Ir 4.; carbon 
atoms) ; ^ 

15 ' _ n:= 0,^^1, 2; , 

= H or lower .alkyl , (1-4^ if 
n = 2, can be. independently H or -lower alkyl (1-4 
carbon atoms) qn. either linking, carbon atom; • 
R^ is lower alkyl (1^4^ carbon^ atoms ) , 

20 cyclqalkyi (3-8 carbon atoms) , .lower ,al^^ 

carbon atoms) , (3-8 carbon atoms) , nitre, 

halo (fluoro, chloro, bromo, iodoy , lower 
perfluoroalkyl (1-4 carbon atoms) , hydroxy, lower 
acyloxy (1-4, carbon atoms; -OrC(O)R) , amino, lower 

25 mono or dialkylamino (1-4 carbon atoms) , lower mono or 
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dicycloalkylamino (3-8 carbon atoms),, hydroxymethyl , 
lower acyl ( 1-4 carBori atoms^* -C (0) R) / cyano, lower 
thioalkyl (1-4 carbon atoms) , lower sulf inylalkyl (1-4 
carbon atoms) , lower sulf onylalkyl (1-4 carbon atoms) , 
5 thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl 
(3-8 carbon atoms), sulf onylcycloalkyl (3-8 carbon 
atoms), sulfonamido, -lower mono or dialkylsulf onamido. ' 
(1-4 carbon atoms) , mono' or dicycloalkylsulf onamido 
(3-8 carbon atoms) , mercapto, carboxy, carboxamido 

10 (-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms), mono or dicycloalkylcarboxamido (3-8 
carbon atoms) , lower alkoxycarbonyl (1-4 carbon 
atoms), cycloalkoxycarbonyl (3-8 carbon atoms), lower 
alkenyl (2^4 carbon atoms) , cycibaikenyl (4-8 carbon 

15 ^atoms) ,■ lower allc^Ti^ (2-4 carbon atoms) , . or two 

"taken tbgethef ' on' cdntiguous carbon atoms can form a 
carbocyclic' riri^'%f'^5-T meife monounsaturated 
1 ,- 3 - didxblariyi , 1 , 4 - dioxariyl , ' i , 4 -dibxepinyl , pyrany 1 , 
furanyl, pyrrol idyl, piperidinyl, thiolanyl, 

20 oxazolanyl , thiazolanyl , diazolanyl , piperazinyl , 
morpholino br thiomorpholino ring; and 

m =^0-3, wherein Ar is phenyl, thienyl, 
furanyl , pyrrbiyl , ' pyridyi , ' 'pyf imidyl , imidazoyl , 
pyrazinyl, oxazolyl, thiazolyl, naphthyl, ' . 

25 benzothienyl, benzof uranyl , .indolyl, quinolinyl, 
isoquiriolinyi and quinaz^blinyl;' 

R^, R*' R^ arib R^ aire independently, not 
present, H;--' lower ^^Ikyl (1-4 carbon atoms) , cycloalkyl 
(3^-8 'carbon atoms) , lower alkoxy (1-4 carbon atoms) , 

30 cycloalkoxy ^(3-8 carbon atoms) , hydro"xy', lower acyloxy 
(1-4^^ carbon atoms) , aimi'no, ■ lower mono or dialkylamino 
(1-4 carbon atom's) , Ibwer mono or dicyclbaiicylamino 
■t3- 8 carbon atoms), lower alkyl ( 1-4'' carbon ktoms) or 
' cycloalkyl (-3^8 carbon atoms) ', carbonato ' ( -GC (0) OR) 
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where the R is lower alkyl of 1 to 4,, carbon atoms or 
cycloalkyl of 3-8 carbon atoms; 

or ureido or thioureido or . N- ,pr. 0- linked 
urethane any one of which is optionally substituted by 
5 mono or di- lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms); 

lower thibalkyl (1-4 carbon atoms), 
thiocycloalkyl (3-8 carbon atoms) , mercapto, lower 
alkenyl (2-4 carbon atoms) hydrazine, N' -lower - 

10 alkylhydrazino (1-4 carbon atoms) , lower acylamino (1- 
4 carbon atoms) , hydroxyl amino, lower 0- 
alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R* taken together, on 
contiguous carbon atoms , can form ; a carbocyclic ring of 

IS 5-7 members or a monounsaturated 1, 3-dioxolanyl, 1,4- 
dioxanyl , 1 , 4 -dioxepinyl , pyranyl f ursmyl , 
pyrirplidyl , piperidinyl , thiolanyl , .oxazoianyl , 
thiazolanyl, diazolanyl, piperazinyl, mprpholino or 
thiomorpholino ring; 

20 any lower alkyl, group siibstituent on any of 

the substituents in R|-R^ which contain -such a moiety 
can be optionally. substituted with one or. more of 
hydroxy, amino, lower monoalkylamino, lower 
dialkylamino, N-pyrrplidyl , N-piperidinyl, N- 

25 pyridinium, N-morpholinp, N-.thiomorpholino or N- 
piperazino groups; - 

if one or more of A through E are N, then 
an>^ of R^TR^ .pn a neighboring .C . atom to one of the N 
atoms, cannot be either OH or SH; and 

3 0 if any of the substituents RS R^ R^ R^'. R^ 

or' R* ' contain chiral centers, or in the case of R^ 
create cHiral centers on the linking 'atoms, then all 
stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included. 
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Described also is a method to inhibit 
epidezrmal growth factor by treating, with an effective 
inhibiting amount, a mammal, in need thereof, a 
compound of Formula II: 




^ PorxBula II 

wherein ' ■ 

Ar; n, m, R{ - and X aria the same as in 
Formula I ; ' 

is alkyl of from 1-4 carbbri atoms or amino 
10 or mono or dilower alkyl (1-4 carbon atoms) amino. 

The invention is also applicable to ..the 
compositions of Formulae I and II with the proviso 
i that at least one of the R^-R* substituents must be 
taken singly as a substituent otHer thaii hydrogen, 
15 halo, lower alkyl (1-4 carbon atoms) or lower alkoxy 
(1-4 carbon atoms) , and with, the proviso that A, B, D 
and; E. must all be taken singly as carbon or 'nitrogen 
atoms . 

Brief Description Of The Drawings 

20 FIGURE 'i is an effect of Examples 6 and 7 on 

EGF receptor autophosphorylation in A431 human 
epidermoid carcinoma; 



wo 95/19774 



PCTAJS95/00941 



-11- 

TIGURE 2 is an effect of Example 8 on EGF 
receptor autophosphorylation in A431 human 'epidermoid 
carcinoma; 

FIGURE 3 is a time course for the inhibition 
5 of EGF receptor autophosphorylation iii" A431 by Example 
27; 

FiduRE' 4 is ah effect of Example 27 on -EGF 
receptor autophosphorylation in A431 cells; 

FIGURE'S is an inhibition of EGF receptor 
10 autophosphorylation' in A431 human epidermoid carcinoma 
by Example 40; 

FIGURE 6 is an effect of Example 40 on 
growth factor-mediated tyrosine phosphorylation in 
Swiss 3T3 ; 

^5 FliGURE 7 is an effect of Example 40 on 

growth factor dependent expression of c-jun mRNA in 
Swiss 3T3 mouse fibroblasts; 

ilGtJRE 8 is an effect of Example 40 on 
growth factor mediated expression of p3 9*='>'^; 

20 FIGURE 9 is an effect of Example 59 of EGF 

receptor autbphbsphbry human epidermoid 

carcinoma; 

^ FIGURE 10 is an effect of Example 60 on EGF 
• receptor autophosphorylatiorv in A431 = human 'epidermoid 
25 carcinoma; 
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FIGURE 11 is an effect of Example 61 on EGF 
receptor autophosphorylation.^.i^ human epidermoid 

carcinpma; .■ vp, : '.■ 

FIGURE 12 is an effect of Example 7.0 on EGF 
5 receptor autophpsphorylation in.A431 human .epidermoid 
carcinoma; 

FIGURE 13 is a chart showing an inhibition 
of EGF receptor tyrosine kinase, by Example 27; 

FIGURE 14 is a graph showing an effect of 
10 Example 40 on growth f actpr-mediated mitogenesis in 
Swiss 3T3 murine fibroblasts; ^ , 

FIGURE 15 is a photograph of an NIH 3T3 
mouse fibroblast line, transfected with the human EGFR 
gene showing a normal flattened^^^^^^^^ 

15 FIGURE 16 is a photograph of the same cell 

line treated with 100 ng/mL ..of EGE showing a typical 
spindly transformed mor^holo and.. 

FIGURE 17 is a photograph of the same cell ^ 
line in the presence of both 100, ng/mL of EGF and 5 ^xa 
2 0 of Exampie 27 showing the morpholog^r . r^ from the 

transformed type back to the normal type. 

Description o^^^ 

1. A preferred form of the invention has X 

- NH,::;;n: ==: 0^:or ,;1^A Tin which :.casen H, the aromatic 
2 5,- : ring ,,pheny 1 )opt ional ly 'substitiited iB , D^^ Sc E carbon , 
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- with A nitrogen ' and or R*' H, with the other one 
lower alkoxy or halogen. 

2. " Another j^ref erred form of the invention 
has X = NH, n = 0 or i, in which case R^ = H, the 

5 aromatic ring phenyl optionally substituted, &, D L E 
carbon, with A nitrogen and R^ or R* H, with the other 
one amino . 

3. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 

10 aromatic ring phenyl optionally substituted, B, D & E 
carbon, with A. nitrbgisn and R^ or R* H, with the other 
one lower mono or dialkylamino. 

4. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case,R^ = H,,the 

15 aromatic ring phenyl optionally substituttsd,- B, D & E 
carbon, with A nitrogen and"; R^ or R^ H, with the other 
one hydrazine, 

5 . Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 

20 aromatic ring phenyl optionally siibstituted, B, D & E 
carbon, with A nitrogen and R^ of R* H, with the other 
one lower alkyl, ' . 

6. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 

25 aromatic ring phenyl optionally substituted, B, D & E 
carbon,' with A ^nitrogen ariid R^ and R* Ipwer alkoxy. 

'7. Another preferred form of the invention 
has X=NH, n=Oorl, in which case R^ = H, the 
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aromatic ring phenyl optionally substituted, B, D & E 
carbon, with A nitrogen and and R'* lower alkyl . 

8. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case H, the 

5 aromatic ring phenyl 'optionally substituted, B, D &: E 
carbon, with A nitrogen, and R^ or R* amino, with the, 
other one loWef alkoxy. 

9. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 

10 aromatic ring phenyl optionaiiy substituted, B, D & E 
carbon, with A nitrogen, and R^ or R^ lower mono or 
dialkylamino , with the other one lower alkoxy . 

10. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 

15 aromatic ring phenyl optionally substituted, B, D & E 
carbon, with A nitrogen and R^ lower mono or 
diaikylaMho, with R^ hydroxy. 



20 



A suitable ring structure for groups 1-10 



is : 




11. ijiothe^ form of the invention 

has 'x =" NH; n' =^ ' 0 or 1 , in which case. R^ = H, the 
aromatic ring phenyl optionally substituted, B, D & E 



SUBSTITUTE SHEET (RULE 26) 
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carbon, with a riicrdgen; and and taken togethe: 
are dioxymethylene , dioxyethylene, 2, 3 -fused 
piperazinev; 2;, 3 - f used' moiijiibline or 2,3- fused 
thiomorpholine. V Suitable, ring structures aret 






12. Another preferred form of the invention 
has X = NH, n = 0 or l, in which case » h, the 
aromatic ring Ejhkriyr optiohailly substU A, D & E 

carbon, with-B nitrogen and R* lower alkoxy or 
halogen . ■ 



10 



15 



13. Another preferred form .of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl bptioniily' siibstituted. A, D & E 
carbon, with B -nitrogen and R* amino. 

14. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl' bption^^lly 's^ D & E 
carbon, with- B h'itrogen and " R* lower mono or " 

dialkylathiha-.-^" ' ^ ■: , -."Kc; V-- ■ ''^ 



20 



15. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ » H, the 
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aromatic ring phenyl optionally substituted, A, D & E 
carbon,, with B nitirqgen .,and ^.R^ hydra zina. ' 

16. Another pr form, of the: invention 

has X = NH, n = 0 or 1, in jwhich casjs . rV = H,. the 
5 aromatic ring phenyl optionally substituted, A, C & E 
carbon, with B nitrogen , and R* lower alkyl. 

A suitable ring structure for groups 12-16 

is : 




17. Another preff erred form qf. the. invention 
10 has X = NH, n = 0 or 1, in,^^^which case R^ = H,: the 

aromatic ring phenyl optionally substituted. A, B & E 
carbon, with D nitrogen and R^ lower alkoxy or 
halogen. 

18. /^lother preferr^e^^^^ the invention 
15 has X = NH, n = 0 or 1, ;in .w^ = H> , the 

aromatic ring phenyl optionally substituted, A, B & E 
carbon, with D nitrogen and^^ ^ R^^ 

19. Another pre ferr^ the-vinyention 
has X = NH; n = 0_pr 1, in which . case ^ R^ = H, the 

20 aromatic ring phenyl optionally siibstituted, : A B & E 
carbon, with D nitrogen and R^ lower mono or 
dialkylamino . 
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20. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case. .R^ = H, the 
aromatic ring phenyl optionally substituted, A, B & E 
carbon, with D nitrogen and hydrazine. 

5 21, Another preferred 'form of the invention 

has X = NH, n =0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally substituted, A, B & E 
carbon, with D nitrogen and R^ lower alkyl. 

A suitable ring structure for groups 17-21 

10 is: 




22 . Another preferred form of the invention 
has ^X = NH, n. = .0 or 1, in which case RV= H, ..the~ 
aromatic ring phe^ optionally substituted, A, B & D 
carbon, with, E nitrogen and R^ or R* H, with, the other 
15 one lower alkoxy. 

23 ,,. Another preferred fprm:;;pf., the.n:invention 
has X = NH,. n. = 0 or 1, in which case R^ = .JI,, the 
aromatic ..ring, p sxjJDStituted,: B & D 

carbon, with E nitrogen and.R^ or R* H,: with the other 
20 one amino. 

24, Another preferred formof the invention 
has X=NH, n=Oorl, in which case R^ = H, the 
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aromatic ring phenyl opcionally substituted, A, B & D 
carbon; with E '' nitrogen and or H, with the other 
one lower mono or dialkylamino. 

'25. Another preferred forin of tH^^ 
5 has X=NH, n=Oorl, in which case = H, the 

aromatic ring pfienyl optionally sulbstituted, A, B & D 
carbon, with E nitrogen and R^ or R* H, witH the 
other one hydrazine . 

26. Another preferred form of the invention 
10 has' X = NH, h = 0 or 1, in which case R^ = H, the 

- aromatic ring phenyl optionally substituted. A', B & D 
carbon, with E nitrogen and R^ or R* with the other 
one lower alkyl. 

27. Another preferred form of the invention 
15 has X = NH, n = ■ 0 or i, in which case R^ = H, the 

aromatic ring phenyl optionally, substituted^ A, B & D 
carbon, with E nitrogen and R^ and R* lower alkoxy. 

28. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 

20 aromatic ring phenyl optionally ^sxibstituted. A, B & D 
carbon, with E nitrogen arid R^ and R* lower alkyl . 

29. Another preferred form of the invention 
• has X = NH , h =0 or I , in which case R^ = H, the 

• aromatic ring phenyl optionally substituted. A, B & D 
25 ' carbon, with' E^ nitrogen, and R^ or R^ amino, With the 
~ r Other one lower alkoxy ; • 



30. Another preferred form of the invention 
has X = NH, n = 0 '6r 1, in^ which case R^ = H, the 
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aromatic ring phenyl optionally substituted, A, B & D 
carbon, ;With E nitrogen, and or R* lower mono or 
dialkylamino, with the other one lower .alkoxy. 

. 31. i^qther, preferred form of the invention 
has X '= NH, n = 0 or. l, in . which case R^ = H,. the 
.aromatic ring phenyl optionally substituted, A, B & D 
carbon, with E nitrogen and R* lower mono, or 
dialkylamino, with R^ hydroxy. 

^ A suitable ring , structure for groups 22-31 

Is : . _ 




32. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally substituted. A, B & D 
carbon, with E nitrogen, and R^ and R* taken together 

.15 . are . dioxymethylene , dioxy.ethy.lene , 2 , 3 - fused 
piperazine, • 2, 3-fused morpholine or 2'^ 3 -fused , 
thiomorpholine.. . . .^ ^ . 

33. Another preferred form of the invention 
.has X;= NH, n: = 0> the: aromatic ring phenyl optionally 

,20 :substitutedv A &■ D carbon, ..with B and.E nitrogen and R* 
. Iqwer -alkoxy.. z:-. . '^^' ^V ' • >^ 



5 



10. , 
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34. Another preferred form of the invention 
has: X = NHv n =' 0^, the -aromatic ■ ring'' phenyl" 6^ 
substituted, A & D carbon, with B and'E nitrogen and 
lower mono^ or dialkylamiho'. 

. 5 "■ = 35. -Another'. preferred form of the invention 

has X =*>NH;' n = 0, the aromatic ring phenyl •optionally 
subistituted,' A Sc D -carbon, with B and E ni'trogfen and 
amino 

36. Another preferred form of the invention 
10 has X = * NH , n = 0, the aromatic ring phenyl optionally 
substituted, A & D carbon, with B and E nitrogen and R* 
hydrazine. 

'^^^A suitable ring structure for groups 33-36 

is: 




15 3^7. Another preferred form of the invention' 

has X = NH, n = 0-, the aromatic ring pheiiyl optionally 
substituted, B & D carbon, with A and E'^^hitfogen and 
and R* lower alkoxy. 

v-r^^i 3:8 Another : preferred form^^'bf the invention 
, 20:: has-X - NH, : n = 0, the^aromatic ringv^-pheriyl ' opitionaliy 
substituted, B & D carbon, with A and -E nitrogen and 
R^ and R* lower mono or dialkylamino . 
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39. Another preferred form of the invention 
has X = NH, n =0, the. aromatic ring phenyl optionally 
substituteji, B &, D carbon, ..with A m E nitrpgen and 

.or RV lower alkoxy, with the other lower mono or 
5 dialkylamino . 

40. Another preferred form of the invention 
has X ~ NH, n « 0, the aromatic ring phenyl optionally 
substituted, B & D carbon, with A and E nitrogen and 
R^ and taken together are ethylenedioxy, 2 , 3 -fused 

10 piperazine, 2, 3 -fused morpholine or 2, 3 -fused 
, t hi omorpho 1 i ne 

A suitable ring structure for groups 37-40 

is: 




41. Another preferred form of the invention 
15 has X. = NH, n = Q or 1, in which case =: H, the 

aromatic ring phenyl optionally substituted, and 
either A and B taken together are a sulfur .atom, with 
D & E carbon, or A & B are carbon with D and E taken 
, . together as a, sulfur atom, .with R^.or R^ . H, lower 
20_ alkyl, lower alkoxy, amino, or lower mono or 
dialkylamino. 

42, Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
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aromatic ring phenyl optionally substituted, and 
Vither A and B takeri' together "a an oxygen atom, with 
■ D ' & E' carbon, or A i' B 'ar"^ carbon with D and E taken 
' together as an oxygen atom/ with R* or ' H/ lower 
5 ^ alkyi/- ^'loweir alk6xy, amino/ "cit lowet moh^ or 
dialkylamino . 

43. Another preferred form of the invention 
has X = NH, n = 0 or 1; in which case R^ = H, the 
' ' ^ atdmatic ring phenyl optionally substftutedr and - 
10 ' either A and B taken together' are 'a nitrogen atom, 
with D & E carbon, or A & Bare carbon with D and E 
taken together as a nitrogen atom; with R* or R^ 
lower alkyl, lower alkoxy, amino, or lower mono or 
diailkyiamino . 

15 44. Another preferred form of the invention 

has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally sxjibstituted, and 
either A and B taken together are a sulfur atom with D 
carbon and E nitrogen, or D and E taken together are a 

20 sulfur atom, and A is nitrogen and B is carbon, with 

R^''^ H, lower alkyl, lower alkoxy, amino, or lower mono 
^ or dialkylamino. 

45. Another preferred form of the invention 
has X = NH, n = 0 or i, in which case R^ = H,' the 

25* aromatic ring phenyl" option sxibstituted, and 

either A and B taken together are an oxygen atom with 
b carbon aind E nitrogen, or D and E taken together are 
an oxygen atom, and A 'is nit rogeil' and B is carbon, 
with R^^* H, lower alkyl, lower jalkoxy, amino, or , 

30 lower mono or dialkylamino. 
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46. Another preferred form- of the invention 
has X = NH, n = 0 or 1, in which case = H, the 
aromatic. .. ring , phenyl optionally substituted, A and B 
taken together are a nitrogen atom, and "D is carbon 

5 and E is nitrogen, with R^^* H, pr lower alkyl, and R' 
H, lower alkyl, lower ^alkoxy, amino, or lower mono or 
dialkylamino . 

47, Another preferred form of the invention 
has X=:NH, n = Oorl, in which case R^ = H, the 

10 aromatic ring phenyl optionally substituted, and 

either A and B taken together are an . oxygen. atom with 
D nitrogen and E carbon, or A and B taken .together are 
a carbon atom with D nitrogen and E oxygen, with R^^^ 
H, lower alkyl, lower alkoxy,, amino, or lower mono or 

15 dialkylamino . i-y,^ . 

48 • Another preferred form of the invention 
has X = NH, n =0 or 1, in which case R^ = H, the 
aromatic ring phenyl optiohaliy siibstituted, and 
either A and B taken together kre a sulfur atom with D 
20 nitrdgen and E carbon, or' A and B' taken together are a 
carbon atom with D nitrogen and E sulfur, with R^""^ H, 
lower aikyl, lower alkoxy, amino, or lower mono or 
" dialkylamino. 

49, Another preferred form of the invention 
25 has X = NH7 h = b* or 1, ih which 'case R^ = H, the 
aromatic ring' phenyl opt ioh^^ and 
'either A' Wd B tak^^^^ together' are a nit^^^^ atom with 
' " D^iiitrSgen'^ E^arbcDn, or k and B taken together are 
''"'a^ cartion atom wit ^^^^ E nitrogen atoms, with R^^^ H 

3 0 ' dir lower alkyl ' if on' nit rog lower alkyl, 



Li 
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lower alkoxy, amino , or lower mono or dialkylamino 
on : carbons • - 

, Other suitable ringa^structures are : 



(R2)m I \::rfr'(R2)m 





Where Z • nitrogen, oxygen or sulfur 

The compounds of the preisent invention are 
5 ^ prepared according to a numloef of altefha^tive reaction 
-sequences^; - ■ -^v<^:.. .: ...y 



Pflaparative kouteiB tb 
CoinDounds of the Invention 



10 Route for Praferred Groupg 1-5, » H 

pisplacement of the 2-chlor:o of. 2,6- 
dichloro-3 -nitropyridine is carried put by cuprous 
cyanicie in N>IP. Displacement of , the second chlorine 
of this nitrile by fluoride at this step can be 

15 advantageous. This is followed by a mild reduction of 
the nitro group, under conditions where the, halogen is 
not hydrogenolysed . Hydrolysis of the nitrile 
followed by orthof ormate cyclization, and^ Vilsmeier- 
type chiorination will give the dihalo- 

20 pyTidopyrimidine • DisplaceTnent of the more reactive 
4 -chlorine with an appropriate amine is followed by 
dispikcement of the S-halog-en with, t 
riucleophiie, amnibnia, lower alky^mine, hydrazine, 
methoxide', to form the finai products. (^NMP is a 

25 soiveht, N-methyl-2-pyrrolic^^^ 



wo 95/19774 



PCTAJS95/00941 



-25- 

1. A preferred form of the invention has X 
= NH, n = 0 or 1, in which case = H, the aromatic 
ring phenyl optionally substituted, B, D & E carbon, 
with A nitrogen and or R* H, with the other one 

5 lower alkoxy or halogen. 

2. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally substituted, B, D & E 

10 carbon, with A nitrogen and R^ or R* H, with the other 
one amino . 

3. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ H, the 
aromatic ring phenyl optionally substituted, B, D & E 

15 carbon, with A nitrogen and R^ or R* H, with the other 
one lower mono or dialkylamino. 

4. , Another preferred form of v the- iri^ 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally substituted, B, D & & 

20 carbon, with A nitrogen and R^ or R* K, -with the other 
one hydrazine . 

5. Another preferred form of^ the invention 
haS :X = NH, n = 0 ,or 1, in which case R- a- Hv the 
aromatic ring phenyl optionally substituted, Bv D & E 

25 . carbon; with A nitrogen^ andrR^ or R^ H;- with th^§ other 

i-.t:--. one^^. lower alkyl . -^-^ v- - ■ ■-■■■^^ - 

Route to Pre far red Groups 1^ S . « H 

Displacement, of, ^c f rom 2-.chloTO 5- 

3 0 dinitropyridine is accomplished with CuCN in NMP. 
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Reduction of the nitro groups to amines is followed by 
^ hydrolysis of tHe nitfile to an amide. This is 

cyclized to the pyrimidone with orthoformate, which is 
converted to the chlbride by POClj or pdssibly turned 
5 - intb the thiomethyl derivative by tfeatmeht with 

phosphorus pentasulfide followed by Mel and a mild 
base. Displacement with the appropriate amine gives 
the desired 7 -amino corhpouhd. The amine functionality 
can be reductively alkylated or activated by 

10 diazotisatidri 6f the amino group under acidic or .basic 
conditions, followed by a reduction to the hydrazide, 
or conversion into a lower alkyl ether, or to a 
halogen followed by a cuprate or Stille coupling by 
methods familiar to ttiose skilled in the art. 

15 Altemativefiy/ the amine can be reductively aminated, 
or acylated and reduced to form the aikylamiiio side 
chain. " ■ - ' 

Scheme 3 - 

Route to Preferred Groupg 6 and 8-10 where « RO 

20 . . The known metalation of 2 , 6-dif luoropyridine 

is ^xploitedh twice . LDA,: treatment followed by a 
borate/hydrogen peroxide introduces the; 3 -hydroxy 
substituent. If the pyridine undergoes the 2nd 
metalatipn at the 4. position, the alcohol can be 

25 protected as a TiPS ( triisopropyl silyl) ether, which 
... will force the second; metalation to the 5 -position. 
, . Alternative nitrations ; may, be used, such as conv3rting 
the lithium intermediate to a stannane and treatment 
with tetranitromethane, or the use of NO2BF4 (nitronium • 

30 tetraf luoroborate ) . The Cj displacement may -be 
effected by- cuprous cyanxdfe or bthe -isoiir c es-'df ^' 
cyanide ion. After nitrile hydrolysis and nitro group 
•'reduction,' (sthyl b r t ho f 6 rma t e may be used instead of 
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formamide for the cyclization, and it may be that 
^some cyclizat^ displacement of F by 

. MeS. the . reaction. ; The. ,4 -position is 

. , activated .by ■ and the sidechain amine is 

5. th<an intr^^ f inal displacement can be by 

alkoxide or. amine nuclepphiles to generate . the 
various, d and amino -alkpxy species ; and the 

. appropriate; use o£ R, can allow the 7-hydroxyl group to 
be unmasked at the end. of the synthesis. . (LDA means 
10 lithium diisoprppyl amide) . 

V 6, ^ An^ preferred form of the invention 

has X = NH,- n =. or^ in which case =» H, the 
aromatic ring phenyl optionally substituted, D & E 
, carbpnv with.A nitrpgeii??;;c^ lower alkoxy. 

15 JB . , form of the invention 

has X J* NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring- phenyl optionally substituted, B, n & E 
carbon, with A nitrogen, and R^ or R* amino, with the 
other one lower alkpxy. 

20 , 9. -Another: preferred form of , the invention 

has . X NH,, n =■ 0, or 1, in. which case R^ = H, the 
aroma^tic ring phenyl . optionally siibstituted, B, D & E 
carbon,- ,;,with A nitrogen; : and R^ or R* lower mono or 
^ dialkylamino with.,the- other, one lower alkoxy. 

; j25 10 Another preferred . form of . the invention 

has X.,.= NH/.cn:= 0; or l;..inc\ which case R^ = R; the 
aromatic ring phenyl optionally:: substituted, B, D & E 
carbon, with A nitrogen and R^ lower mono or 
dialkylamino , with R* hydroxy. 
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Scheme 4 - Route to Preferred Group 7 

Use of the 6-alkylguinaldic acid' followed by 
ionic bromination under forcing conditions gives an 
anhydride, which is opened with atranorii'aV recyclized to 
5 the imide, and then the Hoffman degradation occurs at 
the less active carbonyl; Gyclizatidh khd ring side 
chain addition in the normal manner is followed by a 
Stille coupling to introduce the R^alkyl group. At 
this step'alkenyl or aryl substitueht^^ could also be 
10 introduced using this coupling technology. 

7. Another preferred form of the invention 
has X = NH> It — 0 or 1, in which case the 
aromatic ring phenyl bptionally substituted, B, D & E 
carbon, with A hitrogeh and R^ and R* lower alkyl. 

15 Sehene 5 % Route to Preferred^ Groups 8. 9. » OR 

Dinitration of 2> 6-dihydroxypyridine is 
followed by conversion to the very reactive 
dichlorocompound. The dinitrodichloropyridihe is 
singly displaced by cuprous cyanide in NMP, and then 

20: the cbmpoxirid is reduced under^ mild conditions to the 
diamine. : The nitri is hydrolysed 'to the "amide, 
which can then be cyclized to the pyridopyrimidone, 
which is 4-chlorinated^ in the usual fashion; 
Displacement of then more reactive chlorine with the 4- 

25 sidechain is followed by displacement of the 6- 

chlorine with- alkoxidv 'For group 9, the amine should 
be alkylated appropriately by methods familiar to one 
skilled ini'ithe ■ art . . ■': 



wo 95/19774 



PCT/US95/00941 



Scheme 6 - Route to Preferred Group 11 

of preferred grpup 11 are 
specialized cases of preferred groups 6, 8, ? and 10, 
where and are cyclized together. They can be 
5 tnade using the same routes as those described for the 
preferred groups/ with minor modifications, which will 
be obvious to^ one skilled in the art. For example 
vicirially substituted alkoxy amino comijounds can be 
dealkylated, arid the corresponding vicinal 
10 aminoalcohols can be bisalkylated with an appropriate 
dihalbaikane . 

11. Another preferred form of the invention 
has X » NH, n = 0 or 1, in which case « H, the 
aromatic ring phenyl optionally substituted, B, D & E 
15 carbon, with A nitrogen, and R^ and R* taken together 
are dioxymethylene, dioxyethylene, 2, 3 -fused 
piperazine, 2, 3-fused morpholine or 2, 3 -fused 
thiomorpholirie . 

Schema 7 - Route for Preferred Groups 12>lg 

20 2, 4-Diamino-5-cyanopyridine can be cyclized 

directly to many 4-benzylaminopyridopy:rimidine 
derivatives by treatment with the benzylamine, and 
formic acid at high temperature. For less 
nucleophilic amines 2,^4-diaminp-5-cyanopyridine is 

25 ^ 'converted via ethyl orthoforTnate/acetic,,a^ 

treatment, followed by cyclization with hydrpsulfide 
ion in anhydrous conditions , to ^iye, T-aminp-^-thiono- 
SH -pyr ido [4 , 3 - d] pyr imidine . S - Alkylat ion and 
displacement with an appropriate amine gives the 

30 desired product. If R^ is not amino, the amine can be 
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acylated, or reductively alkylated. Alternatively 
2,4-diamino-5-cyanopyridine can be hydrolysed to the 
corresponding 'amide , and this species can be cyclized 
to 7-amino-4-oxo-3H-pyrido[4,3-d]pyrimidine with 
5 ofthofbnnate. Diazotization of the 7-amine and 

replacement with fluorine allows ior introduction of 
other amine and alkoxide nucleophiles at the end of„ 
the syhthesis after the C4 substituent has been 
introduced in the usual manner. Diazotization and 
10 replaceitient of the amine with bromide allows for. 
Stille couplings at the 7-position. 

12. Another _ preferred form of the invention 
has X = NH, n = 0 or 1, in which case « H, the 
aromatic ring phenyl optionally sxibstituted, A, D & E 
15 carbon, with B nitrogen and lower alkoxy or 
halogen . 

i3'. Another preferred form of the invention 
has X = NH, 'n = 0 or l/ in which case R^ » the 
aromaitic ring phenyl optionally sxibstituted, A, D & E 
20 carbon, with B nitrogen and R* amino. 

14 . Another preferred form of the invention 
has X =» NH, n = 0 or 1, in which case R^ = H, the 
aromaitic ring phenyl optionally suJDStituted, A, D & E 
carbon/ with B nitrogen arid R* Ibwer mono or 
25 'dialkyiamino: 

'15: Another preferred form of the invention 
has:X- NHv 'h = 0 or i; in which case R^ » H, the 
aromatic rihg jiheriyl optionally siiBstitut D & E 

' ■ Cc^rbori, With nitrogen and il*' hydrazino , 
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16. Another preferred form of the invention 
has X = NH/ n - 0 or 1, in which case rV=^ H, the 
aromatic ring phenyl optionally substituted, A, C & E 
carbon, witli B nitrogen and R* lower ?ilkyi. 

5 Sehama 8 - Route for Preferred Groupg 17^21 

2-ChloroT5-nitropyridine is converted to the 
corresponding 2 -fluorocompound by KF in DMSO,. 
Reduction of the nitro group followed by treatment 
with Boc anhydride gives the Bqcamino derivative, 

10 which can be metalated and carboxylated at the 4- 

position. ' Removal of the Boc with TO and cyclization 
of the pyriraidone ring with fqrmamide aives 6-^fluoro- 
4-oxo-3H-pyrido[3,4-d]pyriraidine. This is 4- 
chlorinated in the usual manner and the 4-sidechain is 

15 ihtroduced vi^^^^^ an appropriate amine. 

Displacement of the 6- fluorine with appropriate 
hucieophiles leads to various different final 
products. If the fluorine is ciisplaced by 
thiomethoxide/ that in turn can be displaced by alkyl 

20 groups in Ni- catalyzed Gri-gnard disp,laceni<Bnts . 

17. Anpther preferred form of the invention 
has X =r NH, n = 0 or 1, in which case « H, the 
aromatic ring phenyl optionally substituted, A, B & E 

25 carbon, with D nitrpgen and, rV lower alkoxy. or 
halogen. ^ . ■ 

18. Another preferred f qpn, pf; the invention 
has X = NH, n = 0 or 1, in which case R^ - H, the 
aromatic ring phenyl optionai;Ly,, s A, B & E 

30 carbon, with D nitrogen and ^R^ amino. ... 
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10 



IS. Another preferred form of the invention 
has X = NH'/ n = ' 0 br' l, in which case = H, the 
aromatic ring phenyl optionally substituted, A, B & E 
carbon, ■ with nitrogen and' l-pwer 'V^ 
dialkylamirid . ■ r.^ 

20. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally substituted. A, B & E 
carboh, with D nitrogen and hydirazino . 

21. Another preferred form of the invention 
has X = NH, n = 6 or 1, in which ca6|e R*' - H, the 
aromatit: ring phenyl optionialiy si^^^^ aV B & E 
carboh, Vfitft D nit rb^ 

SP^m 9 -'IRov^m to Pr«f«rr«d p\ - 

^2 , Nitiration of 2-methbxynicol:inic acid is 

followed by displacement of thS acti^ted" methoxy 
group and" cyclization th^ pyriMdone 'Hng, p^^ 
all in one step with forinamidine, or alternatively in 
twd' st6ps with anunbhia fbllbwed by cyclization' With a 

20 formamide equivalent. The carbonyl is converted to 
the chloridfe- and displaced 'v^^ sidechain in the 

usual fashibhV ahd' the' nit ro' group is then selectively 
■ reduced to amino. This can be alkylated, acylated or 
diiazbtized. -fHe diazo "cbnqpbund can' be converted to 

25 hydroxy or to the bromide or iodide, and these latter 
can undergo a Stille coupling to introduce lower 
-' alicyl, ■ aikeityl, aryl, '^tc. ''at^'^i^V 

22?' "'Another jpr^ 
has X = NH/ n '= 0 or i/" in whith'case = k/ "the 
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...'• aromatic ring phenyl optionally substituted/ -A, B & D 
x, , . ..x carbon, with E nitrogen and -R^:or Ji, with the other 
: one dower alkoxy . 

23. Another preferried form of the invention 
5 has X = NH, n = 0 or 1, in which case = H, the 

aromatic ring phenyl optionally substituted, A, B & D 
carbon, with E nitrogen and R^ or R* H, with the other 
one amino. 

24/ Another preferred form of the invention 
10 has X = NH, n = 0 or 1, in which case R^ = H, the 

arbmaitic ring phenyl optfibnaily substituted. A, B & D 
carbon, with E nitrogen and R^ or R* H, with the other 
one lower mono or dialkylaminb . 

25/ Another prefearred form of the invention 
15 has X = NH, n = 0 or i, in which case R^ » H, the 

aromatic ring phenyl optionaiiy sixbs^ A, B & D 

carbon, with 1: nitrbgen and R^ or R* H, with the 
other one hydrazine. 

2S . Another preferred form of the invention 
20 has X = NH, n = 0 or i, in which case R^ » H, the 

aromatic ring phenyl optionally substituted^ A, B & D 
carbon, with E nitrogen and R^ or R* H, with the other 
one lower alkyl . 

Schama io - Route to Pr^g^^ H 

25 This route uses the known metalation and 

carbbxylatioh of 2 , 6 -difluorbpyTrldine , followed by 
displacement of the 2-f lubro substituent . Cyclization 
of the pyrimidbne ring with forrriamide, followed by 
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conversion of the carbonyl into chloride in a normal 
manner gives- a chlorof lupropyridopyrimidine . The 
ar (alk).ylamino sidechain Is introduced by, displacement 
of the more reactive pyrimidine chlorine, and the 
5 substituent is then introduced by fluoride 

_ displacement The introduction of alkyl utilizes 

displacement pt.F.by alkpxide, later ether cleavage to 
. ' the pyridone,, p-triflation and Stille . coupling. 

Scheme 11 - 

10 Route to Preferred Groups 27 and 29-31. g RO 

This scheme relies on the metalation of 2,6- 
dif luoropyridine similarly to scheme 10. The first 
metalation is used to introduce oxygen, and the second 
to introduce the carboxylic acid. If required to 

15 force the second metalation to the 5 -position the 

oxygen may be protected as the very bulky TIPS ether, 
and stronger bas,es than LDA may be req]jired. Ammonia 
is introduced at the 2 -position under high temperature 
and pressure, and the pyridone ring is cyclized, and 

20 activated at the 4 -position in the usual manner and 
then displaced with the 4.-position sldechain. 
Displacement of the 7-fluoro substituent with an 
appropriate nucleophile,' followed by conversions as 
described in previous schemes finishes the synthesis, 

25 27. Another preferred form of the invention 

has X = NH, n = 0 or 1, in which case = H, the 

aromatic ring phenyl optionally substituted, A,. B & D 

" caxbon^ riitfbgen arid ^ R^ R* lower alkoxy. 

29. Another preferred form of the invention 
30 has X = NH, n = 0 or 1, in which case RV = H, the 

aromatic ring phenyl optionally substituted, A, B & D 



SUBSTITUTE SHEET (RULE 26) 



wo 95/19774 



PCTAJS95/00941 



-35- 



carbon, with E nitrogen, and or amino, with the 
. other one lower alkoxy. 

'" ' 30. Another preferred form of 'the invention 
'has X = NH, n = .0 or 1, in which case =. H, the 
5 aromatic ring phenyl dptiohally substituted, A, B & D 
carbon, with E nitrogen, and R^ or R^ lower mono or 
dialkyTamino, with the other oriis lower alkoxy. 

31. Another preferred form of the invention 
has X ^ NH, n =0 or 1, in which case R^ = H, the 
10 aromatic ring phenyl optionally substituted, A, B & D 
carbon, with E nitrogen and R^ lower mono or 
dialkylamino, with R^ hydroxy. 

Scheme 12 - Route to Preferred Group 28 

5-Bromo-2, 6-dif luordriicotinic acid is 
15 prepared from 2, 6-dif luoropyridirie by^ successive 

lithiatioris using LDA. The 5 -position iis alkylated 
via a Stille coupling, and the pyrimidone ring is 
cyclized oh in two steps.' The 4-sxibstituent is 
ihtroduc'ed in the uisual fashion and the 7-flu6ro group 
20 is displaced with thiomethoxide. This thioether in 

turn is displaced by a Grigriard agent: in the presence 
of a riitiker salt catalyst . Again use' of appropriate 
organoitietallic reagents in the Stille ahd' Grighard 
couplings could lead to alkenyl, alkynyl and airyl 
25 stibstituents at R^ and R^. 

28. Another preferred form of the invention 
has X = NH, n '== 0 or i, in which "caise R^ = H,' the 
aromatic ring phenyl optionally substituted, ^A, B & D 
carbohV with E ' riittogeh atnd R^ arid R* lower alkyl. 
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Scheme 13 - Route to Preferred Groups 2 9 and 30. « RO 

Nitration of the qommercially available 
dichloronicotinic acid is followed by a selective 
displacement of the more reactive CI under mild 
5 conditions, folloy^ed by a more forcing .di^Pl^csment of 
the other CI,, in the appropriate order. The resulting 
6-alkoxy-2-am^ino-5Tnitroni^ acid is cyclized to 

the pyrimidpne, and the 4-carbpnyl is converted to a 
chloride and displaced in the usual fashion with an 
10 apprppriate amine to give the 4-amino-7-alkoxy-6- 

,nitropyrido[2,3-d]pyrimidine. Reduction of the nitro 
group, followed by any desired alkylation or acylation 
gives the desired compounds, 

Scheme 14 - Route to Preferred Group 32 

Compounds of group 32 are specialized cases 
of preferred groups 27, 29, 30 and 31, where and R* 
are cyclized tpgether. They can be made using the 
same routes as those described for these preferred 
groups with minor modifications. For exaiiiple, 
vicinally substituted alkpxy amino compoimds can be 
dealkylated, and the corresponding vicinal ^ amino 
alcohols can be bisalkylated with an approg^riate 
dihaloalkane. Piperazines can be made by the route 
shown in Scheme 13, provided that a suitable amine 
nucleophile is used to displace the 6-chloro 
substituent instead of an alkpxide. 

32. Another preferred form of the invention 
has X = NH, n == 0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally siibstitu^ ^ ^ 

30 carbon, with E nitrogen, and R^ and R* taken together 
are dipxymethylene, dioxyethylene , 2, 3 -fused 
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piperazine, 2, 3 -fused morpholine or 2, 3 -fused 
thiomorpholine . 

Scheme 15 - Route to Preferred Groups 33-3 6- 

Reaction of a suitable S-alkylisothiourohium 
5 salt with methoxymethylidine malononitrile yields a 
fully functionalized .pyrimide precursor. The 
initially formed pyrimidine can have the SEt displaced 
by R^ either before or after the nitrile hydrolysis,- if 
displacement or oxidation prove problematic later. 

10 Displacement of the SEt group can also be achieved 
without an oxidation to activate the sulfur. 
Cyclization of the second pyrimidine ring is followed 
by activation of the 4-carbonyl by thiation and 
alkylation. Even if the 7-thio group has not been 

15 displaced at this point, introduction of the 4-amino 
sidechain occurs preferentially. 

33. Another preferred form of the invention 
has X = NH, n.= 0, the aromatic ring phenyl optionally 
sxabstituted, A & D carbon, with B and E nitrogen and R^ 

20 lower alkoxy. ^ 

34 . Another preferred form of the invention 
has X = NH/ n = 0,- the aromatic ring phenyl optionally 
substituted,- A: &- D carbdn, with B and E nitrogen and R^ 
lower mono or dialkylamino. - 

25 35. Another preferred form of the invention 

has X = NH, n = 0, the- aromatic ring phenyl optionally 
■ substituted, D^cafb^ With &■ and E nitrogen and R* 

■amino. '^■■^■^•^ k----^ - . . . > 
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36. Another preferred form of the invent ion 
has X = NH, n =: 0, the aromatic ring phenyl optionally 
substituted, A & D carbon, with B and E nitrogen and R"* 
hydrazine. ■ 

Scheme 16 - Route to Preferred Grbupa 37-40 * 

The pterine nucleus is made by well- 
established procedure. For group 37V the pterindione 
intermediate can be 0-alkylated, and for it, and the 
other groups > the pterindione can be converted to the 
trichloropterin, and selective displacements - can be 
carried but on the halogens in an order appropriate to 
give the desired compound. 

37. Another preferred form of the invention 
has X = NH, n = 0/ the aromatic ring phenyl optionally 
substituted, B & D carbon, with A and E nitrogen and 

and R^ lower alkoxy. 

38. Another preferred form of the invention 
has: X = NH, n = 0, the aromatic ring phenyl optionally 
slibstituted, B & D carbon, with A and E nitrogen^ and 
R^ and R* lower mono or dialkylamino. 

39. . Another preferred form, of the inventicr, 
has. X = NH, n = p, the aromatic ring:' phenyl : optional 1^ 
sxibstituted, B & D carbon, with A and,, E nitrogen and 
R^ or R* lower alkoxy, with the other lower mono or 

25 dialkylamino. . ^ 

^ 40. Another preferred fpxm of the invent::-, 
has X » NH, n =» 0, the aromatic ring phenyl optional:/ 
substituted, B & D carbon, with A and E nitrogen ar.J 
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and-R* taken together are -ethy-i^^^^ 2 ;'3-fused 

piperazine, 2, 3 -fused morpholine or 2, 3 -fused 
thiombrphoiine . 

Seiiame 17 - ' ^ . 

Routa te farrad q rouaa 41 r3.2-d1 ring gMSiQA 

.3,HTThieno[3,2Tdlpyrimid-4-qne can-be made 
by standard chemistry from commercially available 
ethyl 3-aminothiophene carboxylate and forraamide. 
Conversion of the carbonyl to chloride,. by x standard 
tedhniqdes "ifoilbwed by dis^lacemerifr'With a^ 
appropriate amine gives the desired thieno[3,2- 
dlpytimidiries . if R* 'is not H, aii Appropriate 
electrophile, for ekampie riitro for amine 'based or 
diazotizition deriv6'd substituerit or Br' for Stille 
coupled 'final prbdcictl , cah be iiitrbdiided either at 
tM stag^' "shown or' an 'eaflier stage, iand' then be 
(Converted to ftV by reduction and" amihatiori f or example 
or by istille cdiipUng; or other methods ' im^ to those 
skilled in the art . [This technique follows also v for 
all of the foilbwihg pfeleirred catfegbrieis whidh have 
the possibility of substitution on or R*, as they 
are all contain "electrb^ rich' five' membered rings 
which can be reaciily' manipulateci by electropiiilic 
aromatic substititibnj ''^^^^ (DMSd'is dimethyl- sulfoxide) . 

' ii/' Ahoth^r' preierre^ form bf the invention 

"has X » 'ira/'n a^'O' or'it^' i'n ■ which'*Ca^se t!>''si"Hr the 
aromatic ring phenyl opt ionally" svibstituted', and 
either A and B taken together are 'i^ suif ur with 
D & E carbon, or A & B are carbon with D and E taken 
together as a sulfur atom, with R* or R' H, lower 
alkyl, lower alkoxy, amino, or lower mono or 
dialkylamino . 
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Scheme 18 - 

Route to Preferred Groups 41 r2,3-dl ring' fuaion 

Thieno [2, 3-d]pyrimid-4-one isbuilt up by 
the Gewald synthesis from 2 , 5-dihydroxy-l , 4 -dithiane 
5 and ethyl cyanoacetate,. followed by formamide 

..,cyclizatiphy.,:j:. . G:(Dnyer3ionxof , the, carbpnyl ■ to chloride 
by standard techniques followed by displacement with 
an:appropriate::amine gives the desired thieno[2,3- 
:vd] pyrimidines - C 

10.- . SchamevlSt-^ .. ■;. 

Route to Preferred ^.G^^ fuflion 

_ The [3,2 -d] ring, fusion compounds are 

obtained from 3-bromofurfural as shown above in Scheme 
A. .Displjacement of the, b by azide,. followed by 

15 oxidation, of the ^aldehyde sets up the, basic 

amipofuroic. acid needed to fuse on the pyrimidine 
ringf... The ainnul^^ shown can Ipe used, or by 
.manipulating^.^^^^ derivative is actually used, 

-pne . could use a variety of other ring annulations, and 
20 _s\;Lbsequent a^; the 4-position if required. 

42 , , Another preferred form of the invention 
has- X p or 1, in which case = H, the 

, ar;omatic ring phenyl optionally substituted, and 
either A and E taken together are an oxygen atom, wich 
25 , . D E^ -c^ ,or^ A with D and E taken 

. together as ^^a^^^^ atom, with R* or R^ H, lower 

.. all<^I,^ or lower mpno or 

^ . 4ialkylaminp.^^^ 
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Scheme 20 - 

Route to Preferred Groups 42 [2. 3-d] ring fusion 

, .Reaction of. 6-chloro-4-methylthiopyrimidine 
with LDA followed by DMF gives the corresponding 5- 
5 aldehyde, which i^s treated with the sodium salt of an 

appropriate glycollate ester, displacing chlorine, and 
in situ forming the furan ring by intramolecular aldol 
condensation. , Cleavage of the ester and 
decarboxylation of the unwanted 7-acid functionality 

10 may be done. in a single reaction with a good 

nucleophile in a dipolar aprotic solvent at high 
temperature, or in separate saponification and Cu 
/quinoline decarboxylation steps. Displacement of the 
4-raethylthio group by an appropriate amine gives the 

15 desired furano [2 , 3-d] pyrimidines . 

Scheme 21 - 

Route to> Preferred Groups 43 [2. 3-d] ring fusion 

To maJce the pyrrolo[2,3-d]pyrimidine a 
pyrimidine ring is cyclized onto the cyano amino- 
20 pyrrole using known techniques as shown in scheme B 
above. Activation and displacement of the thiol by 
the side chain can be preceded or followed by the 
optional electrophilic substitution of the pyrrole 
ring. 

25 . 43. ' Another preferred form of the invention 

.has X =.-NH, n => 0 or a, in which case = H, the 
- ' aromatic -ring phenyl optionally substituted, and 
either A and B. taken together are a nitrogen atom, 
with D & E carbon, or A & B are carbon with D ' arid E 
30 taken together as a nitrogen atom, with R* or R^ H, 
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lower alkyl, lower alkoxy, amino, or lower mono or 
dialkylamino . 

Scheme 22 - 

Route t o Preferred Groups 43 r3.2-d1 ring fusion 

, The preparation of the pyrrolo[3,2- 
djpyrimidine exploits the known condensation of 
orthoformate with the acidified 4 -methyl group of 6- 
pyrimidones to form the pyrrolopyrimidine as shown 
above. The side chain can be put on by standard ' 
techniques such as in Scheme 1, and the substituent 
can be introduced by standard electrophilic chemistry 
as described above. 

Scheme 23 - 

Route to Preferred Groups 44 r5,4-d] ring fusion 

Condensation of dithioformic acid with 2- 
aminomalononitrile in the pres^ence , of, a dehydrating 
agent such as PPA gives 5-amino-4-cyanothiazole . 
Reaction of this with prthof ormate, followed by 
treatment with MeSNa gives, a thiazolo [5,4-d]pyrimidine 
derivative, which on treatment with an appropriate 
amine give the -desired compounds. 

44. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic ring phenyl optionally substituted, and 
either A and B: taken together v are a sulfur atom with D 
carbon and E nitrogen, or D and E taken together are a 
sulfur atom, and A is nitrogen and^B is .carbon, with 
R^f* H, lower alkyl, lower .alkoxy,^ amino, or lower mono 
or dialkylamino. 
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Route to ffafarria Qroiipa 4 4 f A. 5-d1 ring fualon 

Reaction of 'N-cyanobismethylthiomethyl- 
eneimj.ne with etliyl thioglycollate gives ethyl 2- 
5 methylthio-4-aminothiaaole-5 -carboxamide ; ' Cyclization 
with fortnamide or equivalent, fbllciwed by desulfuriza- 
t ion of the methyl thio gives a thiazolopyrimidone , 
which can be activated by Vilsmeier reagent ,and the 
chloride displaced by the desired amihe to give the 
10 desired thia2olo(4, 5-d]pyrimidine derivatives as shown 
above. 

ScliesiA 25 ~ . 

Ba^fcii t^ Pra ^^^^^a QrouBtf 45 r5v4-d] tXM fiVg^W , 

The known 5-'amino-4-cyanooxazole is treated 
15 with ethyl orthoformate/afcetic anhydride, and is then 
reacted with MeSNa to give 4-methylthiooxazolo [5 , 4- 
dlpyrimidine, which on displacement with the 
appropriate aminei giv^s ehe desired .oxazolo [5,4- 
d] pyrimidines as shown above. 

20 45. Another preferred form of V; the invention 

has X » NH, n » 0 or ' 1 , in which case ,H , the 
aromatic f ihg pEeriyl optionally substituted, and 
either A ind B taken -together iare an oxygen atom with 
b'carbon'ih^ E nitrogen, or D and Ertaken together ar^ 

25 an oxygen atom, and A is nitrogen and Bids, carbon, 
with R'^* H, lower alkyl, lower alkoxy, amino, or 
.lower mono, or dialkylamiiio . _ , /"'-''^^ 
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Scheme 26 - 

Routa to Prafarred Groupfl 45 r4,5-dT ring fusion 

piazotization of the known 5-amino-4 , 6- 
dichloropyrimidine, followed by sulfuric acid 

5 treatment give the corresponding 5- hydlrb'xy^^^c 

Qne of the chlorines is displaced with ainmbhia, and 
the pxazole ring is annuiated with formic aicid or an 
appropriate equivalent. Displacement of the other 
chlorine with an appropriate amirie gives the desired 
10 , qxazolp [4 , 5-d]pyrimidines as shown above 

sghama 27 - Routa to Preferred Orowff 4f 

;^.v^^-;;; Thcse compounds can be made by 
straightforward displacement of halogen on appropriate 
6-chloropurines, by means well documented in the art. 
15 '^R^ substituents can be introduced via facile 

^ electrophilic. substitutions, at, the activated 8- 
position of the purine nucleus, followed by the types 
of ctransf ormat ion discussed in previous examples . 

46-: Another preferred form of the invention 
20 thas^X « NH, n = 0 or i, in which case = H, the 

-aromatic: ring; phenyl optionally substituted, A and B 
taken together gire a, nitrogeii atom, and D is carbon 

-V and;;E is., nitrogen, , w^^^ 
^ V^^^^^^ lower. alkoxy, amiho, or lower mono or 

.25;^ -^-^^ dialikylaminoyr:^ a >:.:..-,..^; 

Scheme 28 - . 

i^Qufcii to P? 7i>f iiff ad Gr«i«e f 5 , 4^41 ring tTaiiw 

Reaction of 6-chloro-4-methylthiopyrimidine 
with LDA followed by DMF gives the corresponding 5- 
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aldehyde, which is treaced with hydroxy 1 amine under 

^^•-'•■mil^ 'acixiic- co^ and then basic conditions to 

^;ieomplet:e the ring annulation giving 4- 
^•methylthioisd^ which on 

5 ;, displacement with an appropriate amine gives the 

desired isoxazolo [5, 4-d] pyrimidine derivatives as 
showh above, 

47. Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case = H, the 
10 aromatic ring phenyl optionally substituted, and 

either A-and B taken together are an oxygen atom with 
D nitrogen and E carbon, or A and B taken together ar^ 
a icarbon atom with D nitrogen and E oxygen, with R^^^ 
: \ H; . lower alkyl, lower alkoxy, amino, or lower mono or 
15 dialkylamino. 



Schema 29 - 

Routa to Prafarrad Gro upa 47 r4.5-d1 ring fuaion 

. Reaction of 4 , 6-dichloro-5-nitropyrimidine 
with CuCN/NMP gives the 4'-nitrile. Reduction of the 
2'5 nitro group, tro the corresponding amine is followed by 
diazotization and treatment with dilute sulfuric acid 
to give the corresponding 5 -hydroxy compoixnd. Reaction 
of this, with MeaAl/ v^ the amidine which is 

oxidatively cyclized to 7-amino-4-chldroisoxazolD [4 , 5- 
25 ^ dlpyrim^ of the amino fxinctionality by 

diazotization/hypophosphorus acid is followed by- 
displacement of the, 4 -chlorine with. an appropriate, 
amine tp give, the desired , . isoxazolo [4, S-dl pyrimidine 
derivatives I, as shown above. 
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Scheme 30 - 

Route to Preferred Gr oups 48 r5.4-d1 ring fusion 

Reaction 6 -chlor-Q-^.-niethylt 
with LDA followed by DMp;, gives the corresponding 5- 
5 aldehyde, which is treated sequent i nbs 
and ammonia tp cpmplet^ , the ring annulafcipn giving 4- 
methyithipisothiazplp, [5 ,4 -d] pyrimidine , which pn 
displacement with an appropriate amine gives the 
desired isothiazolo [5 , 4 -d] pyrimidine derivatives as 
10 shown above. 

48 , Another preferred form of the, -invention 
h^s X = NH, n = 0 or 1, in which case = H, the 
f P^fnyl optionally subs.tituted, - and 
^ither A and B t^ken .together are a sulfur - atom; with D 
15 nitrogen and E carbon, or A and B taken together are a 
carbon atom with D nitrogen and E sulfur, with R^^« H, 
lower alkyl, lower alkoxy, amino, or lower mono or 
dialkylamino. 



20 



Scheme 31 - 

Route to Preferred Groups 4fi r4.5-dl ring fusion 



y Reaction of 4 ;'6-dichloro-5-nitropyrimidine 

.with CuCN/NMP gives the 4-nitrile. Reduction of the 

nitro group to the amine is followed by 

diazotizatipn/thiation tP give the Porre spending 5- 
25 mercaptp compound. Reaction of this, with MejAl/ NH^Cl 
gives .the amidine which is oxidatively cycli zed with 
NBS to 7 - amino T 4 ^ chlor oisot hiazolo [ 4 > 5 - d] pyr iirii dine . 
Removal of the : amino functionality by 
:diazotization/hypophosphbrusi acid is followed by 
30 displacement of the 4 - chlorine with* an* approp 
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derivacives as shown above. 

Scheme 32 - 

Route to Preferred Groups 49 r 3,4-dl ring fusion 

5 .Reaction of 6-chloro-4.-methylthiopyrimidine 

with LDA followed by DMF gives the corresponding 5- 
aldehyde, which is treated with hydrazine to do the 
ring annulation giving 4-methylthiopyrazolo [3 , 4- 
d] pyrimidine, which on displacement with an 
10 appropriate amine gives the desired pyrazolo [3 , 4- 
dlpyrimidine derivatives as shown above. 

49, Another preferred form of the invention 
has X = NH, n = 0 or 1, in which case R^ = H, the 
aromatic rin^ phenyl optionally substituted, and 

15 either A and B taken together are a nitrogen atom with 
D nitrogen and E carbon, or. A and B taken together are 
a carbon atom with D and E nitrogen atoms, with R^^^ H 
or lower .alkyl if on nitrogen, or H, lower alkyl, 
lower alkbxy, amino, or lower mono or dialkylamino if 

20 on carbon. 

Scheme 33 - 

RQttte to Preferred Qroups 49 r4,3-dl rlno fusion 

^Nitration of ' pyra2ole-3-cafboxylic acid 
followed, by reduction gives 4-aminopyrazoiei-3^ 
25 carboxyl-ic acid. This is cyclized to pyrazblo [4 , 3 - 

d]pyrimid-4-one with formamidine HCl, and replacement 
, uOf ;thej;carbonyl witK hilide by standard procedures, 
followed vby displacement of the chloride by an 
appropriate amine yields the desired pyrazolo [4 , 3 - 
30 d] pyrimidine , as shown above. - 
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Most Preferred Forms of the Invention 

1. A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic; ring- is 3- 
bromophenyl, B, D & E are carbon, A is nitrogen, and 

5 is amino. 

2. A most preferred form of the invention 
.is one where X = NH, x = 0, the aromatic ring is 3- 

bromophenyl, B, D & E are carbon, A is nitrogen, -and R"* 
is methylamino. 

10 3. A most preferred form of the invention 

is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyi, • B, D & E are carbon, A is hitirogen, and R^ 
is dimethylamino . 

4. A most preferred form of the invention 
is one where X = NH, x =0, the aromatic ring is 3- 
nitrophenyl. A, D & E are carbon, B is nitrogen, and R^ 
is amino . 

5. A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyl. A, D & E are carbon, B is nitrogen, and R^ 
is amino. 

6 . A most preferred form of the invention 
is one where X. = NH,. x,_-. .0 ring is 4- 
brompph^^nyl, .A,, D ,E ,^e: ; carbon >^^B; yi S r. n and R* 

i&; amino. . ,. --.r. u c ;..y7 cm. ; ■ 

: z.,, . ; 7 . ; . Almost preferred .forms of .the; invention 
is pjne where^^X = 0',,;> the ...aromatic v ring .-is 3- 
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trifluoromethylphenyl, A, D. & E are carbon, B is 
nitrogen, and is amino. 

8. A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 

5 bromophenyl, A, D & E are carbon, B is nitrogen, and 
is acetylamino. 

9 . A most preferred form of the invention 
is one where X = NH, x=l, R^=H, the aromatic ring 
is phenyl, A, D & E are carbon, B is nitrogen. 

10 10. A most preferred form of the invention 

is one where X = NH, x = 1, R^ = H, the aromatic ring 

is phenyl, A, D' & E are carbon, B is nitrogen, and R* 

is acetylamino. 

11. A most preferred form of the invention 
15 is one where X = m, x = 0, the aromatic ring is 3- 

bromophenyl, A, B & E are carbon, D is nitrogen, R^ = 
CI. 

12 . A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 

20 bromophenyl, A, D & E are carbon, D is nitrogen, and R^ 
is methoxy. 

13 . A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyl, A, D & E are carbon, D is nitrogen, and R^ 
25 . is methylamino. 

14 . A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
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bromophenyl, A, D & E are carbon, D is nitrogen, and 
... . ^ is dimethylamino. 

15. A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 

5 bromophenyl, D & E are carbon, and A and B taken 
together are S. 

16. A most preferred form of the invention 
is one where X = NH, x = 1, =H, the aromatic ring is 
phenyl, D & E are carbon, and A and B taken together 

10 are S. 

17. A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyl, A & B are carbon, and D and E taken 
together are 

18- A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyl, B is carbon, and A, and D and E taken 
together, are nitrogen. 

19. A most preferred form of the invention 
20 is one where X = NH, x = 0, the aromatic ring is 3- 

bromophenyl. A, B & E are carbon, D is nitrogen, and R^ 
is N-piperinyl. 

20. A most ^preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 

25 bromophenyl. A, D & E are carbon, B is nitrogen, and R^ 
is f luoro. 
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21. A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
. hydroxypheny 1 , A, , D &. E are .carbon, Bis nitrogen, and 
R"* is amino . , 

5 22. A most preferred form of the invention 

is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyl. A, D & E are carbon, B is nitrogen, and 
is methylamino. 

23. A most preferred form of the invention 
10 is one where X = NH, x = 0, the aromatic ring is 3- 

bromophenyl, A, D & E are carbon, B is nitrogen, and R* 
is dimethylamino . 

24. A most preferred form of the . invention 
is one where X = NMe, x = 0, the aromatic ring is 3- 

15 bromophenyl. A, D & E. are carbon, < B is nitrogen, and R? 
is methylamino. . 

25. A most preferred form of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyl. A, D & E are carbon, B is nitrogen, and R^ 

20 is methoxy. - \. ^ 

26. A most preferred form. of the invention 
is one where X = NH, x = 0, the aromatic ring is 3- 
bromophenyl, A, B &,D-_are carbon, E is nitrogen, and R^ 

^is.fluoro. .j'.v 

25 Bioloav or; 

These compounds are potent and selective 
inhibitors of the human EGF receptor tyrosine kinase. 
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and other members of the EGF receptor family, 
including the ERB-B2; ERB-^BB-'and ERB-B4 receptor 
kinases, and are useful for the treatment of 
proliferative diseases in maifimais ; - Th^se 
5 prevent mitogenesis in cells where mitogenesis is 
driven by one or more of thife family 'of receptor 
kinases ; - This can includd'^^'n^ celis, wher§ it is 
desired to prevent mitogenesis/ as ekempilif led by the 
cells transformed by 6 ve r expr e s s ion or mutatibn of 

10 this kinase family as exemplified 

breast cancer where overexpre^sibri of EGFR, 'ERB-B2 and 
ERB-B3 or mutation of ERB-B2 to the ^bnci^^rbteih NEU is 
a major factor in cellular trahsfonnati^^ is the 
preferred compounds are not highly cyt:ot oxic and do 

15 not show- potent^' growth inhibitoiY-'proper because 
of their high specif icity^^^ toward inhibi'tion of the 
EGFR kinase familyV they should' ha vfe a: much cleaner 
toxicity profile than most anti-cancer ahii anti- 
proliferative drugs . Their very different 'mode of 

20 action to current anti-feancer drugs should allow for 
their use in-multiple drug theirapiels; wiifere synergism 
with available agents is anticipated'. 

Compounds of the invention have been shown 
to be very potent , reversible inhibitor^ of the' EGF 

25 receptor^ tyrosine kinase; by binding with hi^h 

affinity^ at the ' adenosine tripHospliatlei '(ATP) binding 
" site ■ of -^He kih^ ■ These '' cbmpouricis exhibit potent 
IC^^s>^ Varyihg frx>m 10 micrbmblar tb 5 jpibSlfholar,' for 
the tyrdsxhe kihase^^activity "of the^'"^hzyTne t hia^ed ' on 

30 ah^ assay examining pHdsphotylat iori o^ p^eptide ' 

derived^ from the phbspSorylatibn'site of the ' "^protein 
PLGgatnmal/ a '^]dibmi^'E<iFR 'phbsphorylatiori s^ 
This data is shown in Table 1 . 
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Bioloqical Data 

Materials and Methods 

Purification^ of Epidermal Growth Factor 
Receptor Tyrosine ^Kinase^ - Human ,EGF receptor tyrosine 
kinase was isolated f rom A431 human epidermoid 
carcinoma ^ cells , which, over receptor by the 

following, m^ Cells were grp\m, in roller bottles 

in „50% Delbucp' s Modified Eagle, an^ 50% HAM F-12 
, ^nutrient me JGibco) .containing 10% fetal calf 
serum. Approximately 10^ cells were ^ lysed in two 
yplumes^.qf , buffer containing 20^ n^^^ [2- . 

hydroxyethyl] piper 1 -yl ) ethanesu^ acid 
j hepes ) , , pH. 7 . 4 , 5. ethylene glycol ; bis ( 2 - aminoethyl 
ether) N/N, N/ , NV-tetraacetic,, acid, ;1%: Triton X-100 , 
10% 9ly<^^^?^p^ r . 0 .1 mM sodium, orthovanadat sodium 
f luoride , , , 4 mM , pyrophosphate , 4, ntf^ b^^^ 1 mlVI 

dithipthreitol, ;80 /zg/n^ aprotinin,,,.40 )ng/mL leupeptin 
and^ 1 7^ . Pjtienylmethylsulf onyl .fluoride . After 
centrifugation, at „ 25/ 000, X g for 10 minutes, the 
supernatant was equilibrated for 2 h at 4*C with 10 mL 
of wheat ^esrm agglutinin sephairose that was previously 
equilibrated wi^ 50 mMHepes, 10%, glycerol, 0.1% 
Triton X-100 and ^150 ,mM. NaCl, pH 7 .5 , . (equilibration 
buffer) . . Contaminating proteins ^^^w^ from the 

resin with 1 M NaCl in equilibration buffer, and:the 
enzyme was eluted with, 0.5 M N-acetyl-^lrD-glucosamine 
in equilibration buff er,, followed ^by 1 mM urea. The 
enzyme .,was eluted . with 0.1. mg/ml .-EGF . - The receptor 
appeared to be homogeneous, M;^Mess^^ 
blue stained polyacrylamide ■electrophoret i^ gels = 
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Deterwination of IC^q values - enzyme assays 
for IC50 determinations were performed in a total 
vdltime of b . £ '-mL pH 7.4, 5 mM 

MgCl2, 2 mM MnClj/ 50 fiM sodium vanadate, 5-10 ng of 
5 EGF receptor tyrosine kinase ^200 jiM of a substrate 

p ep t i de , { Ac-' Ly s - H is- ty s - Ly s - Leu - Al a-Glu-Gly-Ser-Ala- 
Tyr^^^-Glu-Glu-ValrNHj , f d^^ froiiri the amino acid 

(rpy^472 has been shown ' to be one of : four tyrosines in 
PLC (phospholipaseG) -gamma 1 that are phosphorylated 

10 by the EGF receptor .tyrosine kinase [Wahl, M. I.^ 
Nishibe, S. ;..Kim, J, .W..; Kim, H. Rhee, S. G. ; 
Carpenter, G.y J- Biol. Chem. , (1990) , 265, 3944- 
3948.], and peptides derived from the enzyme sequence 
surrounding this site are excellent substrates for the 

15 enzyme.), 10 /xM ATiP. containing l^Ci of [^^P]ATP and 
incubated f6r.^£en^minutes at room temperature. The 
reaction wa's terminated by the addition of 2 mL of 75 
mM phosphoric :acid and passed through a 2.5 cm 
phosphocellulose -filter disc to bind the peptide. The 

20 filter was washed, five times with 75 mM phosphoric 
acid and placej^ , in a, yi along , with 5 mL of 
scintillation flu (Ready. gel Beckman) . 
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Tiable 1 
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18 

X o 


1 77 nM 
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20 
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21 


1.25 nM 


22 


39 nM 


. . 23 


840 nM 
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25 


377 nM 


26 
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- Example ;# " 
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.,I„..1.,11,.,5.*|JmM 




■,,J..'.l.,„,.,55,»nM 
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l.v.,-!,,„3.9,,,,.nM 




;,.I!,,,,...6,tO,;.-.nM 


icc;;r..,7%u..,,.... 


.6,...,7,,,„riM 



Cells 



Syd^Bs: 3 ,n\9S.?e f i^robla^t s , A4 3 1 human 
epidermodM caxqinpma cells, 'dnd MCE- 7 (Michigan Cancer 
Foundatioii huihaii^ miammar^ carcinoma |cells) , SK-BR-3 
(human mammary; ; car^^ cells) , MDA-MB-231 and MDA- 

MB-468 (humanvmam^^^ carcinoma cells) breast 
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carcinomas were obtained from the American Type 
Culture toliection, Rbckviile, Maryland and maintained 
as monbiayers in dMEM (Dulbecdo's modified eagle 
i^eaiumT/H2 , 'sio : 50 (Gibco/BRL) containing 10% fetal 
5 bovine serum. ' To obtain' conditioned medium, MDA-MB-231 
cells were grown to confluency in an 850 cm^ roller 
bo'etle and the medium replaced with 50 ml of serum- 
free medium. After 3 days the conditioned medium was 
' removed, frozen down in aliquots and used as a 
10 hereguiin" source to stimulate erbB-2 , 3 ,^ 4 . 

Antibodies 

Monoclonal antibodies raised to the PDGF 
(platelet-desireci'g^ receptor or 

^ ~ pfiospSotyfosine ' were from 'Upst'ate Biotechnology, Inc . , 
15 Lake Placiclr 1^ the 

transcription f actor c-jun, which "is a 39 .kDaltdn 
phosph6p>fotein) and anti-EGF receptor antibodies were 
f rom Oncogene Scien^ NY.' 

imBimoprectpit em^ Weisteirn Blot: 

20^ Cells were grown to lOOV confluency in 100 

mm Petrie disHes rcorningj . "After the " cells "were 
treated for 5 minutes either EGF (epidermal 

' gfowrth factor ) , ' TOGF fibroblast • growth 

factor) (20 ng'/ml) or l^ml of conditioned media from 

25 rffi(A-WB"231 ^ceils, 'the The'dia was removed and^ 

monolayer ■scraped into 1 ml of ice coid^lysis^^ W 
do mM 'Hepes , pH 7 .'s ^ ilb mM NaCl , 10% glycerol , 1% 
trlton X-lOO^ I'niM M)!^^ 

pyrophospha^^ mM p-riit'ro^^^^^^ ^mM 

30 orthpvana^^ mM' podium fluor^^^ 1 mM 
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pHenylmethyisulfonyifi 10 M9[/^l Pf aprotinin, 

' and lo'l^^^ of ieupeptin) . The lysate was . 

tra^nsfer^ a microfuge tube (small centrifuge that 

'holds i-2 ml plastic centrifuge tubes) , aliQwed to sit 
5 on'^^^^ 15 minutes and centrifuged 5 minutes, at 10,000 
x g . The supernatant was transferred to a clean ^ 
microfuge tube and 5 jug of antibody was added to 
designated samples. The tuioes were rotated for 2 hours 
at 4*^ C after which 25 ^il of protein A sepharose was 
10 added and then rotation continued for at least 2 more 
hours. The protein A separose was washed 5 times with 
50 mM Hepes, pH 7.5, 150 mM NaCl, 10% glycerbi and 
0.02% sodium azide. The precipitates were resuspended 
with 30 jtxl of Laemili buffer (Laemmli, Nattoe, Vol. 
15 727, E^p . ^680-685, 1970), heated to 100 'C foxj^^^^S^ 

' arid 'dentHfuged to obtain the supernatant . Whole cell 
extracts were made by scraping cells grown in the 
weils of '6 well plates into 0 . 2 ml of boiling Laeimmli 
' "buffer. The extract were transferred to a microfuge 
20 tube and heated to l66° C for 5 minutes. The entire 
supernatant from the immunoprecipitation or 35 /xl of 
the whole celT extr^^^ 

polyacrylamide gel (4-20%) and electrophoresis carried 
out: by the ^m^^^ of Laemili [Laemmii , 1970) . Proteins 

25 in the, g 

nitrdcei ^^^^^,4 ^^P^ 

^ ' 7.2V 150 n^'NaCl,^ 0.01% Azide (TNA) 

and t>ioc}^^ in TNA dontairiin 5% bovine 

ser^ ;altuit^ 1% ' oyaibumi^^ The 

3 0 mei&r^^^ blotted for 2 hours with the pr-imary 

' " arieibody' ^ .''^in ^ bl ocking^ and ' then washed 2 

t lines seqife containing 0 , 05% Tween- 

20 and 0,05% Nonidet P-40 (commercially^ avai^^^ 
detergent) arid TO The membta^^^ then iriciibated 

35 f6r 2 hours in blocking buffer containing 0.1 tiCi/ml 
of [^^^I] protein A and then washed again as above. 
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After the blots? were dry they were loaded into a film 
cassette and exposed to X-AR X-ray . film for. ,1-7 days. 
Protein A is a bacterial protein that specifically 
. bonds certain./IgG subtypes, and is .useful in;binding to. 
5 and isolating, antibody-antigen complexes, . 

Northern Blots 

i : - Total cellular RNA was isolated from 

untreated control or treated Swiss 3T3, cells using 
RNAzol-B (trademark of Tel Test Inc. for a kit used to 

10 isolate RNA from tissuesl^^and adher^ 

described by the manufacturer. Forty to fifty fig of 
RNA was loaded onto a l%vagarose gel and 
electrophoresis carried out for 3 -4 -hours at 65 volts. 
. The RNA .in the gel was: transferred.: by capillary action 

15 . . to a- nylon membrane (HybondrN, -Amersham) . The. 40 mer 
c-jun probe was end labeled with [^^P]ATP ^using T4 
nucleotide kinase - (Promega) and purified on a G25 
sephadex. \column according to. the procedure recommended 
by the supplier, bncogene Science. Hybridization was 

20 performedrovernight.:at i65^C;. (c-jun .is ..an:.'i 
;Ueaxly _ transcxiptionj f ac^ 
: V components of AP-l while is the jsecond' component 
of AP-1. 

I Growth Paetor-Mediateci.Mlt:oaanegig 

: 25 . i.,, Swiss; ,3T3, f ibrqb IP " 

100% cpnfluency in 24- well plates- (1.7 x 1.6 cm, flat 
bottom) and growth arrested in serum- free media for 18 
■hours. Drug was wadded to specified; wells 2 hours prior 
to growth factors and then '^ixe'cell^ to 
30" either 20 ng/ml EGF, ;PDGF or-bFGF 6^^^ for 24 



r 

I 
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hours. Two /iCi of [methyl -^H) thymidine was added to 
. ^ each well and incubated for 2 hours at 37° C . The 
. .cells>were trypsinized and : injected into 2 ml of ice 
a:cold '15* 'trichloroacetic' acid (TCA) . The resulting 
5 precipitate' was collected on glassfiber filters, 

washed five times with. 2 -ml aliquots of ice-cold 15% 
TCA, dried and placed in scintillation vials along 
with 10 ml Ready gel (Beckman, Irvine, CA) . 
Radioactivity was determined in a Beckman LS 6800 
10 -scintillation counter. - > 

Growth Inhibition Assay 

; . 'Cells C2 X/IO^) were seeded in 24 -well plates 
(1:.7 :xtl.6. cm, flat bottom) in two mis of ; medium with 
^ or ^ without various .concentrations; of drug. ^^Plates were 
IS' incubated- for -3 ^ days- at 37© in a humidified^ atmosphere 
containing 5% CO2 in air. Cell growth iwas determined by 
cell count with a Coulter Model- AM electronic cell 
counter-^(eoulter Electronics, Inc. V Hialea . 

20 IN A431 EPpERMOlD CARCINQMA CBLLS MTO COOTITIONED 

MmXA-fwbuCKD JO^ IN BREAST 

^ BY COMPOUNDS OP tHB< CURRENT INVENTION 





! Bxaaple # 
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Example #' 


^EGER'ICsoj'nM; 


.A431: IC50, ,nM 


SKBR-3 ,ICja ZIM 






/)3:3 -.1 




■ ^-ei-^ 


: o'O'S-'^^-''^^ 


.■;f.;;:vp;;2i';>^' .7, 


i;r3--9' 


70 


'-'"'■'^ 


^ ■.■■■':i2-4-'-^- 
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>1000 
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ANTIPROLIPBRATivE PROPERTIES OP 

TTOOSiNE'^fnOLS lUilBITORS' ici-v 





Ex 60 


Ex 61 


e;io4>h1.-,1: 


2100. 


;,iooo 


SK-BR-3 


600 


900 






:12XI0p, 



B 104-1-1 - N1H-3P fibroblasts transfected by the neu oncogene, Stem et al. 
Science, 234,' Jpr32^324 |r987) ' ^ ' ' ' ' ' ' 



SK-BR^3 - Human breasiicarcinoma ovf^jqjressi^^ and.erbB-3 
- Himm^ overexi*essmg the EGF itceptor 

The above gels, developed as detailed in the 
experimental section, demonstrate the efficacy of 

::CbmpoundS5jqf , She;- ciar .invent j-pn, at blocking certain 
■EGF- stimulated ^mitpgeni^^ signalling eyents in whole 

';celil;S>:^ Thef:inumfeerSi.JC^.:the,,^ pf t;n^^.g^ls' 'indicated 
th^iiposit'ions«jofe,mp^=ecul^r ;^^ight.^ st^dar^s^^in 
kil6Dalton&?-j The ...iane . labelled ,cont,^ol ^ slwy/^ the ^ 
degree of expression of the growth-related signal in 

r th^'^absence :6f ::^:GFv-stim^ the lane 

&laBea:led3EGEi(pr; PDGFV-pr b^FGFy..^sh9ws^^t:he ^magnitude oi 
^h^a^r^bwt:%;f actoTTS^^ signail, . ... ^ The; o'^er lanes 

^show^'the,M£ect .Gfcr the statedL juan?:iti^^^^ 9^^^ ^^"^^"^ 
drug on the growth factor-stimulated' activity being 
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^'iieajuf ed/ %emo'risttat-ing^'-ehat ' the : compounds .■ of the 
^zresent 'irivent ion ' 'h^ ef f ects'''ti|'ph8]^- cells , 

l^dnsistS''"wit^thiirn^ 'lnhibit-;£he tyrosine 

c;0^i.: ■ ■ " """"t ' ^'v- ; 

c-jun by hybridization with a specific radiolabelled 
RNA- probe : £ar;'cf|un^^^ ^^^^ 
growth factors EFG, PDGF and b-FGF 'stimulate c-jun 

production in Swiss 3.T3, cells. . and that compound 40 

10 blocl^s=-.this,'jy5ducj:yn^,,^ cells, but 

not f or , PDG^for b- cells . 

Effect of Example 40 ion : Growth factor 
Madiatad g amraalBlon of -p3 9^'^^ - 

" This 'gei^'shov^ c-jun' induced 

15 in Swiss 3T3 cells by the growth ■factor EGF, 'PDGF and 
i ^ g'i^^ #(3F /■ ^i|iiiaritit:at'ing''' wi th^ranwantir c- j;un- specif .ic 

,,monoclpna^^^ . 5^"®®. ^5®. ^^^^^^ °^ 

'"'^Example '40' to'blo^-^ "^^^^ 

stimulated by EGF. but not when stimulated by PDGF or 

' 20 "b^'FGFf ^'-^-?t--^'^v*r .f ...,-^: ,,v.,as- -,<r' 

V ■-■'it-''is'''tb''be appreciated 'thafc:i:.the:;..compounds 
described H6rWin''cah^ be^ 'iisetf i^n 'combination .with other 
. ■components to ehtfanceV their -activity. Such additional 
■ cbn^oneniW are-'^ant 1 -rieoplas t ic>f:material:S>,;a^,; : ; 
25 ' ' ^ dbxcsrubiciri," taxol' / '■cis platin/^ and: the -like . 

•* ■ • iti has been found that the compounds 

^ "(i^sci^beia "herein^- may inhibit both* thet-erb-B?, and erb- 
-'^li^f'' ji|^^pt6r^ ' anii' ■theref ore'- havfe^^aigni'iiGan&ly 
inbreMed diihicaa^^ 
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combination with the aforementioned anti-neoplastic 
agents. 



. 17. 



See also the results shown in Figures 1 



Some preferred structures are as follows 




Ex.;# 



10 



4 
6 
7 



- fluorine 

- NHj 

- NHCHj 

- N (CHjjj 
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Ex # . Z R: 

59 - OCH3 Br 

60 - NH CHv Br 

61 - N(CH3)2 Br 



Listed below are preferred embodiments 
10 wherein all temperatures are in degrees Centigrade and 
all parts are 'parts by weight unless otherwise 
indicatedv, 
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Example 1 

4 -ArLilinopvrido f 3 . 2-d1 pvrimi'dine mesylate 



., V . ^ ... . 3^:p^ ^ 3 ^ 2 J d1 ^ " • , A solution 

of 6-chi6ro-3-ri£tropicol (2.00 9 • 91 mmol) in 

5 EtOAc/MeOH (i:l/io mlV is ^ hydrogenated o^^ Pd-C 
(6,4b g) at 60 psi for 6 days/ with additions of fresh 
catalyst after 2 and 4 days . After rembvai of the 
cata;iyst by filtration the sbliition' is "cbncentra^ to 
dryness, to give 3-aminopicolinam^ as an orange oil, 

10 which is used directly in the next step The c 
product is stirred under tef liix with triethyl 
orthoformate (50 mL) for'42 h, during which time a tan 
precipitate fdrros/ 'After cooling, 'the solid is 
filtered off / ^wasiied well witti petroleum ether, and 

15 dried under vacuum to give 3H-pyrido [3 , 2-d] pyrimidin- 
4-one (1.27g, 87%), mp 343-345 <»C [Price;" 6^ 
Curtin, D . Y'/" J / Jto ^Sb/'' 687 ' 9147^^^ report 

mp 346-347 «C] . 

2Q susgensipn^^ of the above pyrimidinorie (liOJD g,^ 6.80" 

mmoi) in/^POcf^ 4 h, 

and then concentrated to drynesis linder reduced 
^pressure. The 'residue is partitioned between ' CHjClj and 
saturated NaH^ organic layer worked 

25 .up to give 4-chiorbp^^ (0,97 g, 

IB&%)- as'^ mp' 335" dec) )' whick xs used 

without further cha^^ 

' l '4 -Anilinopvrido T 3 . 2 -d1 pvrimidine niesvXate ■ 
A solution of 4-chlorbpyrido[3,2-d]pyrimidr (84 rng, 
30 0/5 '"rTunol) , aniline' T5 6 nig, 0/6 irandl) and triethylamine 
(62 mg, 0.6 mmol) in EtOH (2 mL) are reflxaxed under 
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with stirring for 2 h. The crude reaction ^ m^^^^ is 
purified on a preparative tic plate ( silica ^^^^^^^ 
once wxth ' 3 M . the ma36r ' baliS^T^^ 

extracted, and evaporated to dryness under reduced 
5 pressure7 and' tt^ in 

acetone/ (5 mL) , filtered, and methanesulf onic acid 
" ( 32 . 9 ^ 5 is added slowly j^irith. swirl i^^ . The 

'precipitate is collected by suction ^filtration, rinsed 
with acetone and dried in a yacuum oven to give 4- 
10 ^ anilinopyxidq [3 , 2-d (91 'nig, 57%) 

"as dull yeli'ow needles . ^''H NMR (DMSO) 6 11.75 (IH, 
"Vlbrs) , yllliiik, .4d, J =1/5, 4.3 Hz) ,^^8^^^^^ (IH, s) , 
- ^a,'32;y(lH, dd, J ='ir5, 8^4 ^Hz) , 8 ^12 (iHr^ = 4.3, 

''8.5 Hz 7'. 88^U^ J!=.8-2 Hz ) , 7 .4 9 "U^^^ J = 

15 8^0 Jz)V .^7 (IH, t , J = 7 . 0 Hz) / 2 . 34 (3H,^ s) . 

Example 2 

4 -6enzvlaminoPY^ido F3 > 2-d1 pyrimidirie 

A solution of freshly prepared 4- 
chloropyrido [3 , 2 -U] pyrimidine (0 .10 g, 0.. 60 mmol) 
20 (prepared'^'ai in 'tHe prey 

aiid benzylamijie (6 i 13 mL, 1. 20' ti^^^ ^in pfopari-2-ol 
.(15 .mL) ^containing a^ trace of cone. HCl is warmed at 
5q"oc for then cpncentra dryness . 

The residue is partitioned between water arid" EtOAc , 

25 and the^^^p^^ °^ 
' . silica, gel . JEtpAc. elutes torerxins / whil^ MeOH/EtOAc 
(1 : 9 ) elutes 4 - (benzylami^^ 

(0.11 g, 77%) ''^H^OT^^ V'e.&T {IHr s)', 6.50 

. (IH. ,dd,, J. =, 4.3, 1,.5 H2). 8.10 (IH, dd, J =" 8 . 5 , 1.5 

3o''''^""'Mf1''W"ilH^^^ 7-.55 (IH, brs), 

., I . ,7^41-i-:2V TSH;,^ m) 7 4V86' ' j2H, d,^ V . ^ 
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Example 3 .. ^, ... v.-..,-,^ ...... 

4- (3 'Bromoanilino) Dvrido [3 >^2-dl pvrimi^ 

Reaction- of 4 -chloropyrido [3 , 2r;d] gyrimidine 
. (prepar;ed as descr*;ibeci:,in a previo^is experimental),: 
5 with 3-bromoaniline in propan-2-ol containing a trace 
of cone.. HQl at .50..^^,^,*^^^^^^^ followed by 

chrqmatography of product, ,5)n silica gel, gives 4- 
A 3,-brorTiophenyl^minppy^ [3 , 2^.d] pyrimidine (87% 
yield) . ^H, NMR. 4CDGI3). 6; 3.19 i (IHr^brs) , 8.83 (IH, 
IQ s), 8.80 cm,, dd,, ,J: ^ 1,5 I^) .8..-29. .( brs) , 

8.19 (IH,.. jdd,... J.,= 1,5 Hzr,. 7.J3 .m 

(IH, dd,, J . ==,,8,^ ml, 

^ . Example 4 , . '--...--k.u- -.u/ -.u;. :.rmM::.. : : 

, ,„ 4.- ( 3.^Bromoanilino) r f Inoropvrido r3.,;2^d1 pvrimidine:- ; 

15 . . 2^:Cvano.-6-f luoro-3-rnitropvridine. . ■ A mixture 

of, 6-chloro-2-cya^Qr3-nitr^ [Colbry, N. L.; 

Elslag^r E , F , . Werbel, ^ L . M „ ,Het . ^ Chem. , 1984 , 
21, 1521-15251 (10 'O g, 0.054 mpl and KF (9,.4:8 g, , 
0.163 mol) in MeCN ,(200. mL) is heated under reflux 

20 with stirring, for 18 h, then poured into^ water and 

extracted with EtOAc. The extract is washed with water 
and worked up> and the residue, is chromatographed on 
silica gel, eluting with EtpAc^^ (3:7) , 

to giye after, xemoval of the sol vent,, u^ 

25 . pressure 2.-cyanor6-f luorp-3.rnltr^ <3* 

,79%) . >R^N??R, (CDGI3) ^:^"':^^rb 9:- 0.': ' ^ ^2) , 

. ^7.4a, (lH,..,4d,,r J,^ a..p,;Kz).. ->^D.u.:. 

. ^ 6-muQrQ^3-nitropvridine-.2-carboxami(^e. , A 

solution oft^2^cyana^.6.-:flM 
30 .8 . 3 9 -mmol) in 90.V, HjSO,., (3 0, mL) .is warmed,, at ,70 «C fcr 
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90 min, then cooled, poured onto ice ' arid--^^^^^^^^ with 
cone S^i^ammonia■i?-^■-Extr^act^ EtdAe'^ arid^^workup gives 

6-f luoro-3-nitropyridine-2-carboxamide (0.94 g, 61%). 
-'K^ NMR ('GDCl3r'^:'6 '8^;7d (iH ' ■ ddv J'^ S^^8 .9, .6.5 Hz) , 8.30, 
'S'TQTi-il^/'^i^ 7.62 ' (TH ■ ■ dd, Hj i'ff9T'2^9 Hz). 

- ■ ' -6^- Fl'udro- 3 H^ pvri do [3 d1 pyximrd - 4^^ one , A 
V s o lutd dii^- ■ of - "6 - f 1 u62:a^-3'^ -iii; t ropyi^idine -^i'^^ 
^ (1 . 50 gV 8 .10^ m xh "^EtOAc^^^ (W'mE)^^%s^ 

over 5 V 'Pd-e^^ { 0 '. 30 ^ g)' at 6a--^psr^^f 6r-' 2 h .'^^i&ter' removal 
of' the- catalyst by filtration;- "the solvent is remdved 
under reduiced pressure , to 'give^ a '^resfdue of crude 3- 
atriino-6-f luoropyridinei^2-carbdxam wHdfeh is used 
directly in the next step. Triethyl orthoformate (60 
mL) is added and the mixture is then iieated^under 
xe f luxlowith^ vigorous-^ stirrihg^^^^ -18 - M cooled 
mixture is diluted with an equal volume of petroleum 
'ether^>^^.4rid^- ^t^he" r collected by 

'filtration i;hd is washed well' with pie^^ to 
gave^ 6-f luoro-3H-pyrid6^[3 /2 -d] pyrimid-4^biie M .26 g, 
84V) . ^H NMR {DMSCV6 12 . 72 (iH, bM^ , - 8i 31 tlH, dd, J 
W 8.6;j7.^7"Hz)S 8.20 'UHr^ s) / ^ 7.66^ (IH/ dd/ J- = 8.6, 
3'.0^^-Hz)-.^"- ■■■ ■■ 

¥ - - ^ '4-- ( 3 - B r ombani lino ) - 6 > f luoropvr ido \ 2\ 2 - 

d) DVrimidanfr -/": A suspehsiori^ bf 6^^f lubrb [3,2- 

^^jpyrithxd-4-bn^^^^^ 1V21" mmb]^)^ mL) is 

heateS'-iihder^-xef ^ with'' ■stirring^--^i^ ( 2 

h) , athd' then f or a further ^1 removed 
under reduced presstite, and' thei reside 

between CHjClj and saturated aqueous NaHCOj . Workup of 

'^Itibrbpyrrdb^lJ^-; 2^-d]" pyrikrdin#'^%'a aa^'^ian^ 'unstable 
white r-solid which -is" used^^dirisHtiy iri :^ t:iie 'iiext step . 
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A solution of 4-chloro-6-f luoropyrido [3 , 2- 
d] pyrimidine (0.20 g, 1.1 mmol)- and 3 -bromoariiline 
(Ovl2 mL, "2.18 mmol) in propan-2-oa:- -{20^ mL) containing 
■ dSric: HCl^Ml :dfop)^l& heated under -reflux for 15 min, 
5 ^" t into water and extracted- with 

EtOAc.-The €ixt:ract' is worked iip, and ^the -residue 
chromatographed on silica gel, eluting with 
EtOAc/iietrba^eum'^ether ^(l:2)to. giv^ removal of 

^^r o f^:]^QigQ]_Y3nt'-^^ reduced pressure 4>^;^{3u-bromoanilino) - 
10 "--'6-fIuorbpyridb[3,^^^^^ g, 52%) . J^R 

- ' (CEJel^^f '6 8".W-(lH, ^s) , 8 r65 (IH, brs)-, 8; 31 (IH, t, J 
.. Q^27 '(IH; brs) ; 7\77 (Itf^ m) 7*v41 (IH, dd, 
.■.y..:^r:jr::^- 9 , ' ' 2 /2 ' ' H f ^ 7 V2 9 (2^;^' br^tV^^'' ' 

■ Exarrible'^ 5 ' " '''''■^ ' ^- - - 

15 -' ^4- (^3 -6r6mdariilino) ^6^chl6ropvrido-r3 : 2^d1 pyrimfidine 

- V ^' "V 6--chi6ro-3-nitrbpicolinaM:de ; ' A solution of 

C :: 5 w^hlbM- 3 -Mtr^ U^W' g; "^5 . 45 mmol) in 

90%^^^H2S04^'li5'^ is-- Vainrtied' at' 70--^^^ f or 3 ;5 h, ' and 
'thdn' pbured iii^ The mixture^ is extracted 

20 fdiir timfe^s^'^St&^Etbi^^^^ worked 
" ' £b ' give'' 6-chiDrb ' (0 . 80 g, 73%) . 

'^H kyiR^(Di*^ aH;"'d;^'j"=^ 8:s hzV; "S;3i, 8.04 

(ih,"^ih; •i'bri^^^^ d', \J''S ¥^ Hz) . ■ 

g-Chloitro-iH-bvrido [3 ,2-^) bvrxmidin^-4 -one . A 
25 ' solution of 6 -chloro- 3 -ni tWpic (0 . 3 0 'g , 1.49 

mmol) in EtOAb' '(30' mL)'. i hydrogehated at ' 60 'psi over 
5% Pd-C (0.10 g) for 20 min. After removal of the 
catalyst by filtration the solution is "conciehtfated to 
" ^fyiie s s * t b ' gi ve""^ - amihb - chlor-opi rcbllM a 
30 yellow oil, which is used directly in the next step. 

It is dissolveci"'^ (30 mL) and ' 
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the mixture is. heated under reflux^ for ;18:,.h, . 
^ Petroleum ether j3 0..^jnL). is addeA^^ 

solution, _and the,. result!^ crude 6- 

chlqro73H-pyridp.p;, 2-d) pyrimidin-4 ^g,; -99% ) 

5 ;iS;. f -liter ed off and <iried,, in, a .>va gven. ■ , : 

4- (3..BrQmoan:vUyio)--g^GM9r9PYPjt<;ipi? r 
, d1 pYrimidine -. . ,A;Susp,ensioa the ...above,, qui 
■ ( 0 . 2 Or ,g , 1 . 10 mmol), in,.- POCI3 .13 0 ;.mL)j., -is, . heated .under ■ 
reflux ..for .;3,..;h, .;and ...the^ conceintrat:ed to dryness under 
10 reduced pressure. /The residue, is partitioned between 
CH2CI2 and saturated NaHCPj^ soluti^ the organic 

portion is worked up to give 4 , 6-dichloropyrido [3 , 2- 
d] pyrimidine (0.16 g, 73%) as a tan solid,, which is 
,, ... used- directly, in^ the,. next„^ step . ^ A 1 solution of the 
15 crude dichloropyridopyrimidine (0.16 g, 0.80 mmol) and 
3 rbromoaniline . -.(0 . 1,7 ,mL, 1 . 60 mmol),.,in propan-2-ol (25 
..mL),, containing^ a trace , of ^, cone . , HC1, i^ ,at 50 °C 

for 3.0 min.-v The cooled. jriixt is .poured, into 
^saturated . NaHC^^ and extr.acjted .with ,^ and the 

20 . extract is, ,>?pr^^ silica 
, , grel .,. Elut ioa, with, EjipAc/petrpleum ether; , (1:4 ) ^^^gives 
. 3-bromoaniline,, while EtOAc/petroleum. -ether . (1 : 1) 
elutes 4 ( 3:^bromoanilino) - 6.- chlorppyrido [3,2-. 
d] pyrimidine (0.17 g, .63%) . , NMR (CDCI3) 6 8.90 
25 . (IH, brs, )„ 8.84 (IH, s) , 8.30 (lH, dd, J = 2.1, 2.0 

(IH, m) 7.73', 
( IH ^d,,,^ J ,= ,8 . ,8 Hz h ^ 7 .32 - 7 • 29 ,y ( 2H, ^^my . ^ [. 

Example 6 . , , ^ - 

r. ^ 3 -Bromoanilin [ 3 , 2 -d1 pvximidine 

3 0,.^ . ^ React ion of 4 - ( 3 - brompanilino ) - 6 - 

f luoropyri do [3 , 2 -d) pyrimidine (0.12 g, 6\i38^^ 
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mmol) (described in a previous experimental) wirh a 
saturated solution of ammonia in ethanol in a pressure 
ye;ssel ^at 1^ °C for 18 h ^ives 6"amino-4- (3 - 
_bromoanilino)pyrid^ 72%) . 

5 jroClj) .6 8.76 (IH, brs) / 8^^4 'Tlri7 V^^^ 8.23 (IH, 

hxs)\/ 7 .si' {1^ J = 9^0 Hz) / 7.81 (IH/cit, j/= 7.7 

' Hz, Jt =il.X"2) ,^ 7.28-7.22 (2H, m) , 7 • 00 (IH, d, J = 
^.9,.0..Hz) r 4. 90 (2H, brs) . 

Example 7 

10 4- (3-Bromoanilino) -6 'methvlamino nvrido 13 .2- 
d|pYrimidine 

Reaction of 4- (3-bromoanilino) -6- 
... . f luoropyrido [3, 2-d)pYrim (50 mgr 6. 16^^^^^ 

mmol) (deiscribed in' a previou^^^^ 
15 -methylamine: hydrochloride (32 mg, 0.47 nunol) and 

trlethylamine (70 .ji^^ 0 .55 mmol) in ethanol (10 mL) in 
a pressure vessel at 100 **C for 18 h gives' 6- 
methylamino-4 - ( 3 -brompanilino) pyrido [3 /2 -d] pyrimidine 
/(43 mg/ ¥l%) ! 'NIVIR (Cpc^^^^ 8^ (IH^'brs) , 8.61 
20., ^ XIH/^ s)^y^ 8.1,9 (IH, tV J = 1^8 HzV/ 7.86 '(IH, d, J = 

(IH, dt, = Hz), 7.28- 

^^.,21 (2H,lm)/6^ 5' J 

= 5.,0 ^H2)^^,/.3 ,13 (3H, 'd, J = 5.0 HzH^ 

Example 8. 

25 , 4- (3-Bromoanilino) -6-dimethvlam inQPvrido f 3 ,2- 
d1 pyrimidine . 

A mixture of 4- (3-bromoanilino) -6- 
fluoropyrido (3, 2 -d) pyrimidine (0.15 g, 0.47 mmol) 
(described in a previous experimental) , dimethylamine 
30 hydrochloride (0.11 g, 1.41 mmol) and trie thy lamine 



wo 95/19774 



PCTAJS95/00941 



-73- 

(o'li 'mL, i.'64 mmol) in EtOH ViS 'mL) Is Heat-'ed in a 
'pressure ' vessel ' at ^^'^^^^^ £br 'iS h. TKe ■solvent is 
remqyed under reduced' pressure is 
/partitioned' between EtOAc and water. 'The- organic 
5 / porti'Qn' is" w "the residue ''^"chrbraa'tographed 

on silica 'gel. Ilution with Et6ic/p4trole^^ 
/till) gives' foreruns , while EtOXc 'elutes off 4-(3- 
bromoanilino) -6 -dimethylamiriopyrido [3 , 2-d] pyrimidine 
(0.14 g, 86V). NMR (CDClj) 6 8.72 (IH, brs) , 8.55 
(IH. s), 8.17 (IH, t, J = 1.9 Hz), 7.85 (m d, J = 

9 . 3 "''t^f f 4/7^^-i'ik; -7: 5'*; '^^Jr^^r^i-s^ hz) , 7 .27- 

7.18 (2H, m), 7.08 (IH, d, J = 9v3 Hz) , 3;21 (6H, s) . 

A- n-Bromoanj 1 inn) -6-mfft.hokvnvrido [3 ; 2^cirPVrimj,dine 

"4 -Y3 -Bromoaniliho) -6^f lubropyr^^ , 2- 

dl pyrimidine' Tde^^ in a previous experimental) 

(p! 'll'g,,' .ot34'' i^^^ is aiiided^' to' a sdiutioh of NaOMe 
''' (prepared by 'the" addition of ' Na metal (31 mg, 1.38 
' miTi?3lT toliry ,MeOH*(l5 mL)/ After heating in a pressure 
vessel, at 90 °C for 3 h,' trie solution is cbncentrated 
to 'dryness and the residue is partitioned between 
EtOAc' and water." Workup of the organic portion gives 
4- (3 -bromophenyl) amino-6-inethoxypyrid^ 12 , 2- 
d]pyrimidine (92 mg, 82%). NMR (CDClj) 6 8.73 (IH, 
s),, 8.66 (IH, brs), 8.18 (IH, m) , r. 05 «^ J = 8.9 

■■J^^f^-f '^§^%:§i'-^(^^f^^^^^^ :'24'' ^2H#-m) f-7 . 23 ^ (IH , 

d, J = 8.9 Hz), 4.12 (3H, s) . 



20 
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30 



4-AnilinQpvrid6 f4 ][ ! : ' 

'' " 4- ii^-t-'ant.oxvcai%oiiiri^ To a 

mixture of 4-aminopyridine (2 g, 21.24 mm'oi)', 
5 potassium hydroxide (3 . 57 g, 63 . 72 mm^iy^ (10 
' -hi) , ahd-^-me&^f^'2^prbt>ano#^^ is added 

■ "dl-t-butyi-dicarBonate ' (6 ir95' g;''3f .W^^mim^i) 1^ 
"'■ ■^ resulting bipiia^ic'-'^oltition is stiLzr^^^'^^S^C'toz 1 
' ^tfeek/' thlrt'wlfcer '(20^niL)- il^ addend:;' 'Tiie^ 
10 Extracted Wltti"lx'CHjCl2^^&'^2X'^Oi&>-'^^T^ 

' 'i^ef ' is -dried' (MgSO, ) ani 'tonceritrateii' uhcier" "reduced 
' 'pressure 'td ' give"-4-^ (n- t'-b^bxycarlfeni^^ pyridine 
\i^:Wq, Wk) \'^YL \!im''ltiW^ 8*35 (2H, 

^ d; j-4 6 kzy; 7^44 (2h; d/'-j i'--? Hf)r^?; i.^^^^^^^^^ s).. 



4? - • 



15 A - (w-t-But oyygarbonYTatninoVhicotiniC acid. 

n-Butyl ■ 1 ithiW-CZv is-^W;^ :;24>mS;-42^^53^ ) is added 
slowiy 'ib 4" solutioh of 4^ '(N-t-Wt¥%cafbbW'l'amino) ^ 
ESyridiii^^'' (4;d8^^g7 ' 21^'mmblF^iri^%#'^(5C^;''m^^ 
under 'Ni"a€ "-78 The- soafutibtf 'is^ to? warm to 

2Q-;. ■■^^ 'o-^c^; stii:rid"-'f6r 3 hV'^iHeh cooled again ■fe6--'7frff*3C,and^^ 
pour^d^^ intio- eiher- Tiob=^"tni0^=b6ntiininipdr^ i'^' -The 
sbivitidh-' Ls- wairn^ room" temperature withfe-cc5nst ant 
sHirrfng Water-is- addei^^Md-^tifie&itiixtur^^ is^^neutral - 
ized- with'acetic^acid: --''T:he fesul^ing'^sdiid; is.-col- 
25 lected- by va'cuum-f iltratibn andHdried- in . a? vacuum oven 
to give 4- (N-t-bunoxycarbonylaminb) nicotini acid 
(2.72 g, 54%) as a brown solid. ^H/NMR (DMSO) 6 11.75 
( lH;:^^l5r S')=v )8^..Sf5:„f( l«l;^rs.)r;4aa,5-bs,;. *1H|:^4^ ■I J = 6.0 Hz ) , 
' '^8 . 2'0;"aH, !6^C0:- KzK ■4^.'4*?-^('?H-;3ilsyt.l -r... . -r 



■ . ' A-&mi , prt. rijjeQt ?,n^:fe/aeito;; ft:^:mixture of 4-, . 
(N-t -butoxycarbohylamino) nicotinic acid- (2.72 g, 11 • 4 
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mmol) , TFA (10 mL) , and CHjCl, (20 mL) is stirred at 

room temperature for 12 h. The . volatiles'Tre 1^ 

under reduced pressure, and the resulting crude 4- 

amino nicotinic acid is used directly in the next 
reaction.' „ .,. 



r.^, SH-Pyrido f4 , 3-d1 PYrimidin-4-one . Crude 4- 

, amino nicotinic acid (2.72 g,. 11.4 mmol) in formamide 
,_(20-.,mL) 4s ::i,heate^^ to 1,70 '^C , for, ,.12 >^ f he^ volatiles 
are distilled out .under reduced pressure (0.8 mmHg) 
10 The. .residual ..solid .is ..then- purified on a medium 

^, ,pressur,e. silica.^gel^ cplunm , elut^ng wit in 
.... . jJCHGIj^ .t^ pyrimidin-4 -one (78 0 mg , 

47%;) as^ a :wMtif h. y;e (DMSp) 6 12.64 

,..(n^^jb:is.);/^^ 8.,83 (IH,. d, , J = 5.5 Hz), 

15 8.30 (IH, s) , 7.58 (IH, d, J = 5.8 Hz). 

r;.^, ^- : ; 3H-Pvmdo [4 , 3-d1-pvrimidin-4-thione . . 

-rPhqsp^horo,^^^^ (2 . 5,9 .g,, -5.. 83 mmol) , is., added 

i-tOr-^a vsplution;\o%|:3^ , 3 -d] pyrimidin-^ rpne (780 

.^;;v,j..mg> - 5i;>^3;.^mmol mL)'. .^The. mixture, is 

20: refjluxed for^S h^,j^On cooling a p.recipitatjs forms and 

the ;:supernatent|^4§rx$^^ 9^ ^ ro^Mjfe^v; ?9?-^.^'i^ 

- suspended in^.wate20^^.^ andj:he^ yield 

- .;3H-pyrid0;[4>^3;^d3.^^ jnp:,.,78V) as a 
..;blaGknspli%^^^^^^ igMSO) ^5 .-14 • 53.^, ( IH^ ..brs) . 9 . 65 

25- ■ . ;;;(aH>r: s)> ,rr8 . 84i#H>,;^d,::r =:..7:^ 0 HzJ^ ,;^;^8^^^^ s) , 7 . 64 

r,.(,lH,:^.d^;.xJ^:F=c8 . 

. ' ^ > :;v 4 -Methylthiopyrido Hn 2 -rdl pvr imidine: . A 
mixture of X;3Hr-r>yridd [j4 , 3 (676 mg, 

4.14 mmol), triethylamine (1.4 mL, 10 . 3.1 tnmol) , DMSO 
30 - (4 mL)/n^,andl ioddmej^^ mmol) is 

- stirred fbr::.;12:) h^jande:'r;i Njriat^, 2^ is 
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poured onto water and extracted with EtOAc . The 
organic extracts are dried (MgSO^) , and v.the^:.sol vent is 

■ removed, under., ^reduced ; jjre^sswre Ltp .yield.. 4 -,: . . 

methyl thiopyrido [4 , 3-d] pyrimidine (1.15 g, quant.) as 

-y::-S-^:.- arhtown solid.. ^ (IH, s) , 9.16 (IH, 

s) , 8. 95 (1», d,-' J - 6? Hz)^;- :7:86:.-:(lH,; d, J = 8 Hz). 
•2v75 (IH-, s) .• - -^'-^ 

' 4 - Ani l:inoDvrido>P4 ;;3 r d1 xivr imidine . A mixture 
of 4'^inethylthi6pyrido [4 /a -d] pyrim'idine^ ( 174i..mg ,-0.97 
10 irimol) , and' aniline (18:6.i2"mg, 1. 99 mmol) in EtOH (2 

mL)' is' refluxed-' under Ni'f6r'^12--h-.. ' Cooling, to ...O'C forms 
a solid which is f iltered« tb■yield■•4..^anilinbpyrido- 
[4V3 -d] pyrimidine ^34:i5^;mg/;t'16*) .':^i;^H 'NMR (DM^ 6 
10.29 (1H; brs) ,5 9:86 ;(lH>3iS) ,^^8.82. ( d;:, J = 5.8 
15' - Hz) , 8^.'72-^(lH, ' s) v"7^85^ (?2Hv' d^:^J.i:» 7^.S=vHz),,.,..7 (IH, 
' dV ' ■ J- = 5 . 5 ■ Hz) , ' 7 v45- (2H^ tV =^ '8 . OC Hz*) 1. 23 ( IH , t , 
■-^J = 7^'3 Hz')".' ..ri^ .:ib£-^>:z ; ■: , :;ci^5.Is,i.r.-: 

'Example- -11 ' : ' ■ K..v.^.tv.;..»j;-; ■ 

4 - 1 3 - B r omoarii -I i no ) pvr ido- T d 1 ' pyfeimi di tfe^ <t, :i 

20 A njixture of 4-methylthiopyrido [4 , 3 - 

d] pin?imidine'^a{ im^^ 
• • e^qjerinientai^ a^ to 

■-iio^C ibr'*2 Kv -a; soIidiJpre ohiJ cooling and is 

c61iected^-by Vacuum f iltrit-ibh5'*and» thekrrecin^ 
25 from 'EtOH'^to yi^d 4 - ( 3>-bi^oa.rtiMnc^) pyridb>N , 3 - 

d] pyrimidine |30?^m§j^ 'lOV)"*? ^^^^^^;NMR-C(DMSO)^^ 6:f'ip .33 (IH, 
. • 'Wf'^^.Q& -(-IH, ' s)^- &:84^i^(iIH7 d,;.vJ? = :5:..,&.:H2;)uji;8;.79 (IH, 
■ s-)V^--8J^2?'^-(-lH>- "s) .■i7;^&9jv(;lH,,^dii--a.:= 7:..2;;.Hz);w r;7.69 (IH, 

■ • ---d, -'J =^ 5-. '8' Hz")-, f.^d^ ■(2H,''\ife>:i:Jd5^ Hz:,^.;JtM= i'.5,. 
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• : Example 12 ..■- v:;; -o, ■ 

4- O-Bromoanilino) -7r f luoropvrido f 4-v3 -dl pvrimidine 

3 - Cvano - 4 r 6: ^ d i am i nop vr id i ne . -Crude.., 2 -bromo- 
: 3-cyano-4,6-diaminopyr;idine „[W. J.Middleton, US Patent 
5 2,790,806 (April 30, 1957), Du Pont; Chem. Abst. 

51:P14829 (1957), see also next experimental] (15.1 g, 
0 . 0,71 mole) is;, ^hydrogen^^^ (200 mL, 2:1) 

containing; KOAc--( 7.0 g,, 0.071 mole) , and 5% Pd/C (4- g) 
at 55 p. s.;i.^and 20. °e .for 7 days. Filtration over 
v'lO .. :celite, -washing with THF/Me and.removal of the 
:;a. x: 'solveht^^gives a: solids- w^ is dissolved in dilute 
'^HGl andv water. Adjustment,. of the splution pH- to 10 
(cone, ,NaOH^ > and, cooling gives 3;- cyan© - 4 , 6- 
diamihopyridine ;:(6,.58; g^; 69%) as a yelrlow solid, mp 
15 197-198<:°G: [Metzger, R; ; Oberdorf er, J. ; Schwager, C; 
Thielecke, W.; Boldt, P. Liebigs Ann-. . Chem. 1980, 946- 
953 record mp (benzene) 205 *=*C] . Extraction of the 
remaining liquor with EtOAc (4 x 200 mL) , gives further 
produc|:j,ii2;.,12.:.^ Nj^W- ,(DMSO^^^ , 7 .91 ( IH , s ) , 

20 6.26, 6.24 (2H, 211, brs) , 5.63 (IH, s) . 

-y-. 4 . 6^-Diamlno- 3 -pvridvl carboxamide ^3 -Cyano- 
ix\ .4 V 6 -diaminopyridihei-.ct4^.^3A g i Q; . 03:2, mole ). ,is, .added to 
pcaO^icHiSO^. (.25 vmli)^,,\-'th?;n,:st at 60-70 ^'Cr.for 3 h. 

25 ^ .:^:The resulting rsolution^ added to cold cone.- NaOH 
- C , {:40:% )r^tOi igiye a^ ^mixture of 4;, 6;-diamina- 3 - 
^ t . pyridylcarboxamide and, inorganic salts . An -. ^ ^ 
t:: .analytically pure sam obtained by chrottiatography 

' : on alumina (aa-50% Me0H/?eHCl3); ,;to^;g*ve^ pale, yellow 

30- sdlid.^r ^^H?]^;:{I^ &vl5 (IH,,, s^) ,^ 6.91 t2H, brs), 

7.7-6.3 (2H, brni) , 5.78 (2H, brs), 5,56 (IH^^^^ * ; 
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15 



Crude 4., 6 - diaminp - 3 ,-.pyr idylcarboxamide 9-. 2 ' g ) -'i s 
. j^,PUf|:fied .{EtO)3GH .. (distilled ^romiNa, 60 mL) 

... ,^|,.3,70 °x;,^for, i,5,d,,. After. removing theXgoiveiit'; the 
^ ^f^^?^B?.^Af ,.'^^splyed^in:.hot^2.^ > 
neutralised Jconc:..HCl); and.,eooled''-to-give-7^kiHifio-4 - . 
oxo-3H-pyrido [4;, 3 -d] pyrimidine: i(,3 .57 g, S9*-f rom the 
^f^Fi^^^i ^? :?; light brp ^H-NMR (DM^Op'fi^-- n . 79 

(IH, brs) , ,8.74,,{1H, s):,.'7.97.::(lH.. s) p 6 :7 6^(211. ^-hrs) 
10 6 . 38 (lH,^.s)... . , ■ . . , ,., , ... , 

:■ ■7-F^uoyp-4-oxo-3ff-nyridof4;:.a^r^^.pY^-in,^.^.;^p ^ 
A solution of 7-amino-4-oxo-3H.pyrido^[4/-3-dipyrintidine 
(1.00 g, 6.17 mmol) in 60% HBP, (25 mL) at 0 «C is 
treated with solid NaNO^ (0.85 g, 12.3: mniol ^J^aHdef in 
portions oy^. |.,.h) ,.^^nd ■ is ..then.,stirredi;at- .0, 'SG^f 6r a 
further l h and at 20 -C for 30 min. The resulting 

-^y^^-^PP^^^r ,:!ieutralized. .with ' saturated 
^^^^ .NajCO,, ,,jand. ex^ EtOAc'v.(4 x 100 mL) 

^^^^P .M iwashedj-with>: water , -then -filtered - 
t^OHfh .silica. ,ge:^,(Et:OAc) ..toc:give .7^. fiuoro- 4-0x^*3 H- 
k: P>7^^'?ti'f:?-<^teri (.0.48: #/ :4;7*) 3 fas- scream-* 

'^°?-^^' o^lW^f^^m 6.12.:69 (IH; brs#v 9:01 (1H; s) / 
^ 8.3]^.nH,,,s),,,7.;.34 ( .o-i-v. ...V 

:i ,: ..1.. . : 4-(-3-Bromoai^ilino)V7-fluoropvT-iHof.i , :T-. 
-..^IPYrjTmjiCjiTiP ,. A„ suspension ofr7-fluorb-4-6xo-3H- - 
= Py^^M:' pyrimidiner, (^0 . 23. g> . 1 39^ mmbl )S -iri' P0(=1 , 

ilO. mLkJ.s^^stijrredr:under:,refluxL 3;.5^h,-ahd is^ then 
.. 5?P'=?i^.t.^.ated under vacuum:, f The resulting' oil is- • ice- 
. cooled,.^ diluted with GHjCl,-v(ioo- mL) aqueous 
30 NajCO3 ,:.(40i mL) and. •C fbr 2' -h. 

The CHjClj extract is separated ahd; the- aquebus por 
further extracted with CH^Clj (2 x 100 mL) , and then 



20 



wo 95/19774 



PCT/US95/66941 



-79- 

, the ^,opmbdne^^^^e ^drie^t^CNajSOJ and filtered 

to g;ive ,crude;.4;-chloro>7-f lubropi^ r^.'.-- 
.d] pxrimidine^A^il-Bromoariil^^^ "mmbie) , 3- 

bromoaniline hydrochloride' (20- mg) and' d^ 
5 (5 mL)- ;.are;.ad^ then the^^resiiltirig^ solutlbri is 
concentrated :.under :vactium to i^embve -' the^^^^'CT 
..stirred :;^at .^20 '■■■■*=*C . f or ^a. i:h: ^^Upba'^additfoii '^of '^dilute 
NaHCOj; and water, the product crystallisesV Filtration, 
washing with water and CH^Cli, ^^ives'pure '4^ (3-''^ 
10 bromoanilino) -7-f luoropyrido [4, 3-d]pyrimidine (297 mg, 
€7 %) as a cream solid. NMR (DMSO) 6 10.3 8 (IH, 
. bra);, , a. 5^ J;1H, s) ,-8 .12' {1K^>:--S)^/^ 8 .17 -(IH, s) , 7.85 
' . UH,....Tn):^ ■7,3Bc.H3H,.;m)>.' -'■./^,.;>.-^-- * ^^'-^ 

. Example 13. v^'A^vi. t:;:.^:;^ ■ v . n ■ " ■ 

15 ^ ■ 7T.Amino-4-anilinopvrido [4 . 3.-dTpvri:midihe' 

. - 4 ;^6:-Daamano-2 *bromo-3:-Gvari6pv^ '^'HBr is 

bubbled f or ..Zoh:. into- a- -mixture of ' - malononitfiie (16 . 3 
g , 0 . 247. :mo^l ) vrand .toluene' ■ (400' mi;) at -0 ' CTr A light 
, ^ ;yellpyf. .prec^ f orrns . ■ >The r is 

20 then ^ieate4]tat; .^10 0 * e f or 2 hv - ^wiih mii^ ;ev61:ution . 

..After coolin^vto room temperatuire^^- the-' ye is 
isolated via suction filtration, washed^ 'with toluene 
and air dried. The solid (25.96 g) is mixed with 
water (jSOO, mL) >v. and; is 
25 adjusted to S - - i lO^ with NH4pHv^(iCGnCv - 15 ~mL) 1 - ■ 

stir rdng. at^^room temperature^^^f or' -l^-h,'? toe- mixture is 
. , f i^ltered - Recrystalldzatlon^-^^irbttft^EtOfr^ afford c^" • 

, yellow solid;.',:: After dryings at'- 60'* in -a^ vacuunv' o^ 
. . 4 /.6r^simino-:2:-bromo-l-c^ ^{12^^95''gv^ 4 !9% j is 

30 obj:aiiied;> }R NMR (DMSO 5 e.67^ i^m^)^ 6-.55^ '^^^ " 
UH,brs:).-,.:y5..5^9;iJlH,.s):,^ .1:^^^: r..^ . 
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2 ■ 4 -Diamino-5-cvanopvridini um acetate . 4,6- 
. ' i- Diamih6r2..-bromor3:-^ 9. 60 mmol) is 

■ hydrogehated in THF/MeOH.. (-240 mL;,-- 2c i l) .containing KOAc 
(5 . 9 g, 60 nnnolV ^and 20V Pd/G (0 ,g) at cl8j -psi ,at 
5"' •^25*C for 4' hC The Mmixtureiiis: ;cel the 
solvent is- stripped under ?reduced:, pressure -.ta sive a 
s6lid-'(11.15 rg) - which' is stirred with ;..THr at 
room eemperature for.'..20- min. The mixtur.e isr-.- v 
- • refiltered-arid the filtrate vis .stripped tp d:?yness to 
10 give the ■desired products After drying. v.in':a.,-yacuum 
-oven; ■2V4>diamino-5-cyanopyridinium acetate {10..,65 g, 
^ ' 92% ) is' 'collected as^ •a^.^'ellow solid ( .^H NMR . (DMSO) 5 
7.90 (IH, s) . 6.26 (4H. brs);, 5';62. (1H, s) , 1.9Q (3H 
s) . 

A 'mixture of 2 • ' 4 - diamino - 5 r;cyahopyr idinium ; acetate 
(d-/199 -g, 1.0 mmol)- . I triethyl ^orthoforroate ;.,;,( 1 . 95 mL) 
and-ACjQI-(1. 95 mL) -is ref luxed under. Nj^ with;- stirring 
for 3»ih.''"The3 solvent isi-then stripped;- and the .residue 
20 ^ ' is dissblv6d' in MtiOH* (10.:/mL) containing NaQMe . CQ . 81 g, 
15 mmbl)^'^^-HiS«-ibubbled^ through tlie.mixtiure-rfAr -5 
mirvV' which then refluxed overnight. .:.After.vthe " 
■^'solvent is'istripped, tiheJCresidue is dissolved .in hot 
wkter krid boiled:- with char co.al. After filtration, the 
25 ■ filtrate^ is-' neutralized ; with acetic, acid whilst hot to 
generate a yellow solid. On coolings the solid is 
collected by suction filtration, and is dried in a 
vacuum oven overnight. 7-Amino-4-thiqup-3H-^^^^,^^^^^^ 
pyrido^[4V: 3;-d]Ipyr imidine jJ[;8m;mg:r -.^1 ^f);^^ .is . is?!^*^ 
30 light yellow solid. NMR (DMSO) 8 9.82 (IH, s) , 9.34 
■^^•=-ilH;;-s)^''^ J = 7.5 Hz), 7.38 

V : ,: --f2H>-^W J =^^^.5.:^Hz)vV 7 .12 (1», .t J ,s ::7x.5vHz ^ . 61 
(2H, brs) 6.43 (IH. s) . ^. 
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. . 7 - Ami no - .4:- rhe t hvl t h i op vr i do f 4-. 3 - d 1 .p v-r imi dine. 
■:UBty (e^mL,. 43; mmol)-is added to- a solutioa,.o^|v/7.^ 
' H-thibno-3H-pyridd [4, 3^-dhpyrimidine : v(0 .;7r7 g, ^^4 .^3 mmol) 
• ' -in DMSO t7 mL)- -stirred under. .^^^^ 25°C. ter t^e two 
5 ^ phases ^ave.i)eeri' ::stirred.;:f or; 20.min, Mel (.0.26^;^ 4.2 
rrimolK isHadded: After, :2 h,; the .reaction -mixtu^ ' 
pour^ onto/ stirring ice-water. Solid , foxing instantly, 
^fter further cooling ^;at O<»G,: the solid is .^collected 
- by-suction filtration and driecl in a.^acuum oven to- 
10 ^ give 7i-amino-4>methylthiopyrido [4,3-dIpyrimi^^ 

('0 . 564 g, 68%).. . >H NMR (DMSO). 6 8 v98 JlH,, s) 8 . 71 
{1H,-S)^, 6^94Nt^2H, brs)^, :6.49.., (IH, s) 2.63 J3H, s). 

7- Amino-4 -anilinopvrido [4 , 3 -d1 pvrimidine . A 
■ : . mixtuz^e ;,of ^;7iami , 3 -d] pyrimidirie 

15 - (Ou 136 ^g, 0.7 ::mmolh /and aniline (0;5 :naj,r-§v5^.mmQl) is 
' fefluxed-under Nj^^^iat .ieOf^^ ^.The reaction 

■ - mixture is 'cooied to - 25.°Cv when it precipitates , The 
"solid is; colliected by. suction-infiltration and , ^ 
recrystallized: from isopropanol>' andbdried^. i^ a vacuum 
20 oven overnight , ;7;;-Amino-r.4-anildnopyrido [4 ^ ^ 
drpyrimidine. (84::mg^, 51%):: is isplateii as. a. light 
yeliow-^Solid.i-:^H^tNMRt (:DMSO) 6: ,v9 8 2 .y ( 1H> s)^,vv9:34 tlH, 
S) V 8 .37^^ {1K;Xs) , . 7^:a0vA(;2H,;;id, .^ J: .=Li7:v5 Hzj ^ -.P:,^^ (2H, 
t r J => 5. Hz ) . , ^:^J-. 12: .( IH , : t.> , J ■ = /,:7: . 5.. Hz) :6.,^^6^^ ( 2H , . 
25 ' brs)'-6.-43-- (rH^> s:)C': ^ :-c ■ ^r-iw.^^^r. 

Exampl'e 14^ -^^^' ■ ■ ■ imx^'v--. ■ ' :n ■ - :~ > v ^ ^1^:^:- :v;^ ■ 

T^Amind- 4:^^( 3 - hvdroxvani 1 inoV'Pvrido.N;.. 3> dijpvr imidine 

- A- mixture of 7-aminp7^-^met^lthiopyrido [4 , 3- 
d]pyrimidine'M29i9 mgv 1.56 mmole)^ and V^tninophenol 
30 (1.60 g, 14.7 mmole) is stirred at ,.160 ; |G,^fory 15 min. 
The resulting product is chromatographed over silica 
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gel (9% MeOH/cksCl/) to' give 7-ami:no-4 - (3 - 
' hydr6>yariiiino)'pyrido [4 ,'3 -d] pyrimidine" (108 mg, 18%) 
'as a jbalisf btange solid: ^H^ NMR '(DMSO) 6 9.69 (IH, 

brsy, 's^f44 ^UH^ brs) r '9.3V (IH, ^s) , aV^a 'UH; s) 7.37 
5 (IH, t, J = 2.1 Hz), 7.21 (IH, brd, J = 8.4 Hz), 7.14 

(IH, t, J = 8.0 Hz), 6.59 {2H, brs) , 6.'53- (IH/ ddd, J 

S-if9v'i^ ■■Hzo"r"e';43-^-'--(iHr 

Examriie 15 

7-Amino-4 - ( 3 -methoxvanili^ DvriddT4 , 3'-dlWrimidihe 

10 A mixture of 7-atfiri6-4-'metHylthi6p^ [4,3- 

*'d] pyrimidine'"(226' rng, 1 ;18 ' yhol) Cdescfibed in the 
pi^viaus ' exp^ in-ahisidine ''(1 . O'O • rtili, ' 8 . 90 

imoif^^s^^'stirx^c^^ oc" for' 1:5 h. -The 

' -'''r€3uXtit^ ^cliircmiatograp sil±ca^'"gel 

15 (5-7% EtdH/^EtOAc) 'tp'^"^ ''"^ ■ 

me t hoxyani 1 ino ) pyr id6'[ 4";- 3 d J pyr imidiiie ( 13 6 '' mg ; ' 43 % ) 
ai a light ''brovrn '-spl^ 
^ brs), 9:34 (1h, ,'"8'.46^^?iH, W1 7.50 (IHr,^ brs) 7.44 

{£h, 'd, j'= 8 .0 H:i) , :^ J = ■8\2 Hz) , 6,71 

20 '■■^ (iH, "dd, ■ J i 8.2, ' 2 . 3 Izj^r ^6 . S^^^ (2H,^Brs) , ■ 6.45 ilH,/, 

■ si% '■3:-77M3H;:r s) .--^'^^^ -'^'--^'^ ^'-^ ■ '"^^ y-' 

Example 16 

7* Amino -4 - (2 - methoxvaniliho) pvrido [4.3 -dIbvTrimidine 

25 A mixture of 7-amino-4-methylthiopyrido [4 , 3 - 

* df pyrimxdine-wC^ 
(1 . GO' mL, 8 . 87 mmol)' ■ iis -stirr^^^^ for 
"2 . 5 h? The . result irig -product is ■ chromatographed over 
^iiicargel' 5* EtOH/'EiOAc) td^give ' 7-amiri6-4-'{2- 

30 ^ ^ metKo^ -^(^47 mg/-.47%) 

as -a Veilo^^ ' 'H ^NMR <'0DMSO)^' d -9 . 44 .:(1H, : brs ) , 9.2 
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(IH, s) , 8.22 (IH, s) , 7.54 (lH,_.dd, J^=^1,J, 1.4 Hz), 
,,7^.24 (IH, ddd, J.l"J 7.4/' 1.5 H^i r J 

'\=,^8':2, 1.2 Hz)^,'^, A: 98,jlH,/dt, '^.J^^^ =^1^.3^ 7 2:^ 

Juz)^, 6,. 52 hxs) .^,e\^l {lH,^^s)_, '3.,79 (31?^ s) . 

5 . Example 17 . . ^ 

7-Amino-4- (3 -aminoanilino) pvrido [4 . 3-d1 pvrimidlne 

A mixture of 7-amino-4 -methylthiopyrido 
d] p^rimidine. (307 l - 60. mmol) (descrit^eS^in '^^^ 

previous experimental) and 3-nitroaniiine (2.6o*g, 
10, . 14.. 5.., .mmol ) is .s t irred at 20 0 . ° C for ^1 • S h , and the 
crude , product is suspended in MeOH/TH^ (4 :1, 25^^^ 
, and .hydrogenated .Q;\^e^ „^(,2^ g)^, at^^^SO pj? i aj^ 20 

^Cr-for 24 .h...„„,The.;. solution :.ls, filtered oyer ,celit;e, 
; jvashing, thoroughly .(^^^ /.. and j,s .then ^a±^ 

15 onto alumina; and .chro^ on .alumm (4 -8% 

, .EtOH/^gHCla) ,t:p,.giy^.,,,7.-aminor^^^^^^^ . ......v,^:-!-:^).^ 

aminoanilino) pyrjido [4^ i^^l. ^® ^ 

rgreeri sqli^r ]^ (DMSO) 6^,9.57 i^U, hrs) , ^,.30 (IH, 
s);> 8.33 {IRr, s) , 7.Q^ JIH, ^t, . J • 2 .,0 ^„Hz) , ^6.99 (IH, 

brs), 6.40 (IH, s) , 6.34 (IH, dd/ >J == ,,7 . 9 1 , 3 Hz) , 
5.10 (2H, brs) . 

ExampjLe. 18. . , ■jb...^Ti.'-:\ ^ 
7-AminO'4- (4 -aminoanilino) pvrido f4 , 3-d 1 pvrimidine 

2 5 : . :u ■ - 7^ Amino -.4- ( 4-acetamidoanilino) pyxido [4^, 3- 

v :,;:' d1 pyrimidine ;m ^v^A^ mixture ,of 7-amino-4- .-efi,, 

■ ,;i>;methylJ^hdopip^ tngr 9i;- '^2 nunole) 

and;\4 Taminpacetanilid^ ( 1 ;:&03g,)^jl . O.^:mmol^, is- 
r under Nj^. at ,20;p; j:9.C; is 
30 chromatographed .pver^^ alumina { 8 - 1 p %o MeOH/CHjClj ,;t:o 
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give 7-amino-4- (4-acetamidoanilino) pyrido [4,3- 
d] pyrimidine (110 mg, 52%) as a pale yellow solid. 
• ' NT^ 'CDM^ , '? . 31 "flH, s) , 

8.34 (IH, S) , 7.69 (2H, d, J = 8.9 Hz) , 7.57 (2H, d, J 
5 ^ = 8^9' Hz)' , ^ 6:43'(IH, sf,.. 2.05 (3H, s) . 

' 7-Amin6-4- (4-amiri6anilin6yt>yrid6 
ciT pr>rrf ^ A isolutibn of 7-amirio-4 

acetamidoanii ino) pyrido [4^ 3 -d] |Dyrimidihe ■ ( 0 .io g , 1 . 02 
mmole) ' in aqueous NaOH ' (2 M, 10 mL)' arid MeOH (10 mL) 

10 ' IS stiffed' at ' ldO^ °c''for '7 h: ' The "resultirig 'pirdduc is 
chromatographed over alumina (3-4% EtOH/CHCl3y "to give 
7-amino-4- ( 4 -aminoani lino) pyrido [4 , 3-d] pyrimidine (86 
mg, 33%) ' as'an orange solid. % NMR (UMSOf 6 9 .58' (IH, 
brs) , 9,24 (IH, s) , 8.25 (IH, s) , 7.31 (2H d, J 8.6 ' 

15 Hz), 6.58 (2H, d, J = 8.6 Hz), 6.48 (2H; bfslv '6 v39 ^ 
flS?^'■^^■f"b .b^ (2H';-'^lDfsyv'-^-"^^^^^ ■ 

Example 19 ' 

7-Amin6-4- (3 -dimethvlaminoanilinb) pvrido [4 , 3 -dT pyrimidine 

a' mixtiire of 7-aminb-4''-methyithiopyrido [4,3- 
20 d] pyrimidiri:e '(245 'mg; i :28 tnfholl ' Cdescf ibed in ai ' 
' " j& experimehtaiy ' ind 'i^^ 

pHeriyieriedia^ (1 1 'SO g, II . 8 mmbl ) is stirred under 

at 190 °C f or 1 and the fesulting ^pfociuct is 
chfbmatographed Xtwibe) over alumina (3% EtOH/CHCla) to 
25 ' give' '7-aminb-"4 -i^ -dimethyiamih^^ pyri'do [4 , 3 - 

pyf imidine (113 mg; "32 %i as'- a" pale solid. ^H 

' ^NMl (DMSbr'* 9',66^'UH, brsf.,.^^ s);'^^8.36 (IH, 

s), 7.22 (IH, brd, J = 7.8 Hz)^;^^ 7 . f6 (2H, m) , 6 , 57 
{2H, brs), 6.51 (IH, ddd, J = 8.0, 2.3, 1.2 Hz), 6.42 
30 (IH, s) , 2.91 (6H, s) . 
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Example 20 u »-:f ^■'.r t,;. ^rf^-i-c^oj^i i- 

7-.Amino-4- (4-dimethvlaminoanilino) pyrido r4 . 3-d1 pvrimidine 

A, mixture of 7-amino-4-met:hyitMppyrido [4 , 3 - 
d] pyrimidine (256 mg, 1.33 mmole) and dimethyl - 

5 1,4-phen^lenediamine (l.;95 g^^ is stirred 

under" N2 at 196/'' c' f or ''^0^ mXnT^','T^^^ resillting. product is 
chrpmatographed over alumina ,.{3-7% EtOHVckc^^^^ give 
7-Jaminp-4- ^-dimet%larainpa^ilino) py^ 
d] pyrimidine " ( 1 98 ,mg , 5 3 % as .an , orange . solid . "-H NMR 

LO ' (PMSO) .6 9 . 67 (IH,' >rs) „ 9 • 27"' (IH, s) , 8 . 27 ' (IH, s) , 
7.51 '(2H.^ ,.,d,. J = 8. 9, Hz)'',,," 6 '.75"^ . 
, . ^^^^--^^^^^^^ ^ 1^^^ s), 2.89 '(6H, s) , . 

Example 21 

7-Amino-4- (2-nitroanilino) pvridor4 . 3-d1 pvrimidine 

15 A mixture- of 7-amino-4-methylthiopyridp [4 , 3- 

d] pyrimidine (2,20,. mg, l . lS mmpl^^ 
' (2T00 g,' 14 . 5 mmoiet " to 100 ■'»C,' then excess 
, dry HCl gas , is, .added tp, the hot ,. ^tirr^^ solution, and 
t he,, mixture '^stirred^,,a|^ 1^0 . »C .Jor^20 mdi^^, The . . 
20 resulting product is neutralized with ..excess NaHCOj , 
, dissolved in MeOH/CHClj, drie4 .pn^Q;" silic^^ 

.chrpmatpgraphed gel (2.-4%. MeOH/CIIzClz) to 

give, .7-am,ino-4,- (2-n,itrpanilinoypyrid^^ 

(108 mg, , 33%) / as. a yenpw, splid. NMR (DMSO) 6 

25 10,40 ,(lH>.^brs) ,,,9,.24,, (1^/;,^^) • J^^^^ ^•"'■^ 
„ ^ : (IH, brs) , 8^ 01; ;(2H, b^s^) , 7 . 75-^ilH, ^r^V, .f^. 7|,,(2H, 
brs) , ,6.43: (IH, brs),.,, , 
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Examole 2 2 

7-Amino-4- ( 3 -nitroanilino) pvrido [4 . 3 -d1 pvrimi-dine 

.A mixture of 7-amino-4-methylthiopyrido [4 , 3- 
d] pyt imicaih^^^^^^ ramdl) '' ISescribed in a 

5 previous •exper^^ and 3-nitrbahil*ine''(i iT^ g, 

'12'. 3 mmbl) ' is' stiirred- under at"20tf»C -for 1:5 h. The 
' ' resuiting^prdciuct is ' bhromatogra^jhed 'over^- (5- 
20% EtOH/CHcij) " to give T-amino-4- (3- ^ ■ • " 
■ ni t r^ani linoTpyr icio ■[ 4 S - d] pyr imidijie^^{ 8 1 - mg v • 39%) as a 
10 'brown solid. ^H'NMR (DMSO) '6 'lb . 17 {iHf-brs)^ 9.3^ (IH, 
S)'V''8.87" (IH, brs) V 8.48 (i'h, s),'8.3-3- (IH, brd, J = 
7.§ Hz), 7.95 (IhV ddd, J = 8.2, 2.1,' 1.0 Hz),' 7'. 67 
(IH, t, J = 8.f 'Hz), 6.70 ('2H, brs) , 6v47- (IH/ s) . 

Example 23 

15 ■• • 7 - Anii!l5^4--^( 3^f I^idrdaniliii n ) pvrido ^ 3^ d1 pvrimldine 

■ ■ ' "a' mixture of 7-amino-4-methylthiopyrido [4,3- 
d] pyrimidirie ' ( 515 mg, 1.12 mmdl) and ■3'-fl'udfbaniline 
' (l!l6 ■g,'\d:4 rranoi) is ' stirred at ' 16a ■ 'C' for 30 -min. 
The result ing'prddu^ dHrdmatbgrapliisd over silica 
20 ^el' (6-7l^MedH)cH2'Clj) t©" give' 7-atriihd-4- (3-*-- - 

fluoroaniiMo?p#idd[4;3-d]pyrim^ 65%) as 

" a wkte'soiidf'^'-^H NMR (DMSOr - 6 '9 .-94 C1H-, brsOH 9.36 
' \ (lil, s),"b.^6 (iH,'s),'7V91 (lH,'brd,^ J ="^11 . 9^'flz) , 
7.63" {IhV brd, 'T'= 8.1 Hz) , 7.41 . (IHV dd, J = = 15.7, 
25 7.rilz)r' 6^.93 ti'H, dt, = 8.5 HZ, = 2.4 Hz), 6.68 
(2H, brs) , 6.38 (IH, S) . 
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Example . 24 , ^ , , ^ ,■ , 

7- Amino- 4- ( 3 -chloroaniiino) pyrido [4 , 3 -d1 pyHmidine 

, , , A^^mixture, ,of 7 - amino - 4 -methyl thiopyri [4,3- 
d] pyrimidine, ,(2^^^^^ 1,^08 mmol) and 3-chloroaniline 

5:-' /;! .21 g,..39 .J4.8^,^mol) -is^ ^jtirred. at 1 *=»C for 2b^min. 
The;.,resulting.3,prp 97^^. alumina 

(5-10% MeOH/CHsClaV- to^give 7-amino-4-,(^ 
chloroaLnil;ina);p>^ pyr^ijnidine J177 mg, 60%) as 

a white .solid. NMR (DMSQ) 6 3 . 32 ' (lH,brs) , 9 . 35 (IH, 
10 s);,.,8.45v (IH,, ^),^|.q8. (IH, brs) , 7.79 YlH, brd, J = 
- a. 0 Hz),. 7.40. CIH,, t, J = 8.,1 Hz), 7 .16 (IH, dd,. J = 
7. 9, 1.3; Hz) , e.-6,8 (2H, brs) , 6.46 (IH, s) . 

Example 25 

. 7-Amino-4 - (3 , 4.-dichloroanilino) Dvrido [4 r3-cilD^ 

15 . A mixture of 7- ami^ [4,3- 

d] pyrimidine . {24 7; ijig, 1. 29. mmol) and 3 ,^4 - 
dichloroanillne ^1 . 5.0 ,g, 9 . 26 mmol) is stirred at 165 
. °C for ..30^,min. -T^^ 
chromatographed^ oyer^^sili gel^, (7-8%^ MeOT to 

2.0 , , give^7-amino_-A-,{lr.4-4ichior^ , 

d]pyrimidine (.252 |ng,. ,64%) ^^a^^ a pale yellow, solid. ^H 
NMR (DMSO) 6|.a.97, (lH, .>rs) ,^^9.34 (^H, s) , 1 
s) , , &.297'-^(lH.,. brsh -7.86. (IH,- brd, J = 8.6 HzJ, 7.62 
(IH, d,. J, = :8.a^Hz) 6.70 (2H, brs) , , 6 . 46 (1^^^ s) . 

25 Example 26 

7 - Amino-4 - ( 2 -bromoanilino) pvrido [4 . 3 -d1 p yrimidine 



A mixture of 7-amino-4-methylthiopyrido [4 , 3- 
d] pyrimidine (198 mg, 1.03 mmol) (described in a 
previous experimental) and 2-bromoaniline(l . 00 mL, 
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9 :r8 mmoD^'is stirred under Nj at 180®C for 2.5 h, and 
the resulting product is chromatographed on alumina 
(1% EtOH/CHClj) to give 7-amino-4- (2- 

bromoanilino) pyrido [4 , 3-d] pyrimidine (108-:.Bg:v.^^^^ 33%) as 
5 -^'-p^e y^^ 9...91 :.(:lH,j/brs) , 

9.27 (IH, s) , 8,20 (IH, s) , 7.73 (IH, d, J = 7.9 Hz), 
^ ' -7;5(^ (IHV my^ t, J =6.9 Hz), 7.25 (IH, m) , 

6.59^ (2Hv brs) / 6.42 -(IH, s) . 

■ - Examp 1 e --2-7^ -I -> " ■ • - • ^ ^ ^ , .--f: 

10 7-Amiho-4- (3^-brorrioanilinoO pvrido f4;.3.^dT pyrimidine 

-A mixture of 7-amino-4r.methylthiopyrido [4 , 3- 
' d] pyrimirdiine^^ (167 mg, 0 . 87 mmol) Xdegcri±)ed in a 
previous experimental) and 3-bromoaniline {p.7& mL, 
7i8 mmdl) Is stirred- , under Nj at 190<»C for>2,5:h, and 
15 the precipitate which appears on cooling is 

recrystallized from Pr^OH. ^H NMR (DMSp) .6,,9,^1 (IH,. 
. .. .. . . ..brs ^:^19^ {1H^^; s,^ 7 . 84 

{IH, d, J = 8.0 Hz), 7.34 (IH, t, J = 8.0 Hz), 7.29 
. -MlH^'^d, ' J :i'^8^^;^^ 6.45 (IH, s) . . 

20 ■ - Example^ - 26 . ■. ,a .-■. .„ . .-r' 

^ ' T^^Amino^A- (4 ^bromoanilino) pvrido \A . 3 -dl^pyrimidine 

. ■ • • ■ cK mixture of -7^amino-4-methylthiopyrido [4 , 3- 

dl^pyrimidine y^(,26 l^vmgv 1. 36 mmole;^:,,and •,4.rb^ 
' '(1.^0(3 'g stirred:.under Nj' at: 200: °C for 

-^25 ' • 15:;^min.:; The. resulting product- i^ chroma^ oa,., 
■ ^' sil^icav/gelC! (lO^raSV.EtOH/EtOAc) ^^t (4- 

bromoanilino) pyrido [4 , 3 -d] pyrimidine (209 .,mg, 46%) as 
. a pale yial low s^lid. . ^^H; NMR.. (DMSOl 6 ' 
9.34 (IH, S:) , -ff'.:4 0K(lH, s-);,^ 7 ..Sa- (;2H,.. d, . J =- 8 . 8 Hz ) , 
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'7.55 (2H, d; J -.8.8 Hz) , 6, J 4 .{2H, . br&l^,,^^^^ 

.. s) .. : v..:. : : -..^..^^r. 

■r^^AmiMo i odoap^ 1 ino ).pvr r Hn- r4 . 3 pvr imidine 

5 ; . A:;;mixture of 7-amino-4-methyltM^ 

d] pyrimidine (72 mg, '0.37. mmol),. and, 3-iodpaniline 
(1.25 g, 5.71 mmol) is stirred at 160 »C for 30 min. 
The resulting product is chromatographed .ove^^^^ 
.tgel ■.:(,5r/7;%:j MepHv^CHjCZl'i ) •; , to, 3^et.-:;7;^aj(dnoj^..^^^ 
10 iodoanilino)pyrido [4, 3-d] pyrimidine (83 mg, 61%) as a 
. ■ lighr. brbWxl^^ rosettes ... .:^H NMR sdDMS.O),. 6 9 . 84 (IH, brs) , 
9.G4 ^tm:^-S)V^8.44i.(lH',. s) , , ^fr. 3 0. . (IH,- '?:v? • ?0 (IH, 
i dd: J 7.9:, :^0i;^a Hz) , r7..47 ..(tlH.^^^ 7;y7,,Hz);, 7.18 

iyLHf't, J = 8.0 Hz) , 6.66, ■(2H>. :brs.) ,..,6 . 46j;.,(lH, -s) . 

15 Example 3 0 '"i^** ■■■ :•■ "--a ^-^-f^- :..:;tj^ 

-7-Aminb-4- (7-.t.^if liiQroinPt:hvlanilj -nnVT.vrido f4 ^ -FiVpvrimidine 

■ A mi-xturei-of ^:7-aminon4-methyithiopyrido[4,3- 
- dlpyrimidine (300 mg, 1.56 mmol), 2-aminobenzotri- 
fluoride hydrochloride (1.00 g, 5.06 mmolh^^n^^ ; , 
20 :.4mjMbbenzotrifluori^de..,,.(^.00;,a^^ 

at 160 °C for 10 min. The resulting product is neutra- 
-'-lizeW^wfthV'excess-NaHCOj-, dissolved in MeOH/CHClj, 
• •drfe^ '^ontro^silieavgel : and chromatographed, oyer silica 
' ' ^ef (^6^7^ Me©H/Cii^Gl2-)r to^. give^.7-¥aminc¥-4V(2;-^ 
25 ^^^^^e€h^Hria^]:ino)pyri (1.94L^pg;,; 41%)>,as 

' a dfiil^solia, -rnp l^(MeOH/^:HCl3/light . peferoleumk 126-130 
s : ^ > b c ^ '( deltl \ ■•■■^H-^IMR - fDM^O): 6- : 10 . 6 0 (IH; L brs tes^ 9ra7 . ( IH , 

■ bfsr , ^8^. i3 {MpmisP^^'7^i6 . :'7^.^6.9? mi,imi^m ,n\) ' 7 .45 

■ ' ' 'i2H, -'m)- >^6 (M; brs) , ^ :6^.i36:- (.IH,, s;) ..w^^ , v 
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Example 31 
' '' ~7-Amino-4-li-trif iuo^^ 

' ■ " " "- j^- mixture ^of 7 -amirio-4"-'raeth^ [4,3- 
di pyrimidine (234 mg, 1.22 ftrniol) (described m' a 
5 ,' previo^^ e:q)erim and 3'-aminobenzotrif lu6'H 

'u-Ooi'mL, 16.0 mmoij''^^^ 

for 2 h,- and the resulting prbHuct Is- t Hen 
^ '"'^chromatogfraphed over 'sa]^ca get'^ EjtdH/EtOAc) , 

' and*then 'oyer alumina "(5- 7%'^E;tOT^ U gi^rt^7- 

10 amino-4 - ( 3 - trif 1 

dfpyrimidi^^ rag, 42%) as' a crea'm solid, NMR 

'''■'''f/'^'iPM^Ot'' 6 10.04 '(ik, ■''■■^8)7^9': 37" '^^UHV^'s s) , 

" 8^31 1l£ s)\^8.i9 llH;'^dr^^'= 'is.i^^ 7VS2;;(1H, t, J 

8 , 0 Hz ) , 7 . 45 ^ IH d J = 7 ,7 Hz) V 6 • €9 (2H , brs ) , 
15 6.47 (IH, s) . 

Example 32 

7-:^n^ino-4- (4-t-rifluQrom e rhvlanilinn)DVridQf4.3-41PYy?,ff'j,4ine 

A'mixt-uie ''Sf 't-artiiho-4 -methy [4,3- 
dlpyrimidine (390 mg, 2,03 tnmol) , 4-aminobenzotri- 
20 fluoride hydrochloride (0 .40 g, 2 ."02 iranol) and 4 - 

amiriobenzotr if iuoride ' (1 . 61 g, ; 10 -'o ^^3^^""^ 
at 180 °C for 2 rain. The resulting product is neutra- 
lized with excess NaHCO, , dissblV^^^ in Me^H/CT^ , 
' dried onto' alumina" and' 
25 j4-7% MeOH/CHjClj)^ to ' give V-amino^^-ji-t^^ 
methyali^Uno^ 

,Z, ''f r^cr^m'^olidfya^^ n^€eriarV^s^ obtained 

'■'by 'furthe£ chroma 'ove'r silica"" gel ' X'S*" 

30, ■ ''''"Tip ."o?" UH^'' brs) ,''^9 . 4V''(lHf' S)'; 8 • 4'8' IIh; s) V 8 . 13'' 
' (2H, d.' J =5' 8.2 HZ) . 7V74 _V2H. d, ' J = i^T Hz)', 6 . 72 
(2H, brs) , 6.40 (IH, s) . 
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Example 3 3 

4- (3-Bromoanilino) -7-methvlaminopvrido [4 /3 -dl pvrimidine 

. . z?^, ,5^i^^M^? of 7-f luoro-4- (3-bromoanilino) - 
pyrido [4 , 3j-d^^ (74 nig, b '. 23 mmol) , triethyl- 

5 amine (7 rri, 50 mmol) and methylamine * hydrochlo^^ 

(3 .0 g, 44 fntnpl) in isopropanpl (30 itiL) contained in a 
steel bomb is stirred at 95 ^'C (oil bath) for' 5 h. 
The, result mixture is concentratedi under vacuum, 
.^basified wij:h aqueous NajCOj, diluted with water and" 
10 extracted with EtpAc (3 x 100 inL) . Chromatography of 
^ this .extract on silica grel (3 % MeOH/OIjClj) gives 4- 

(3 -bromoaniiino) -7-methylarainopyrido [4 ,'3 -d] pyrimidine 
\/^0 mgV 65%) ^as' a pale yellow NMR' (bMSO) 6 ' 
T.93 (IH, bra), 9.37 (IH/ s), 8.47 (IH, s), 3.18 (IH, 
15 s) , 7.84 (IH, d, J = 7.8 Hz) ,' 7.34 (IH/ t, J = 7.9 

Hz), 7.30 (IH, brd, J = 8.1 Hz), 7.19 (IH, q, J = 4.7 
Hz), 6.35 (IH, s), 2.85 (3H, d, J = 4.8 Hz). 

E?cample 34 

. 4- ( 3 -BromoaAl^Uno) [4 , 3 -d] pyrimidine 

20 A njixture of 7-f luoro-4- (3- 

^ bromoanilino) pyrido [4 , 3 -d] pyritnidine (101 rrig, 0.32 

rmnpl) , triethylamirie (4 .4 mL, 32 mmolej "arid 
dimethylamine hydrochloride 12.58 g, 32 mmbl) in 
isopropanol (30 mL) contained in a steel bbtrtlb is 

25 . stirred at 100 ^'c Toi for 4' h. 'The ire^ulting 

^ . solution is concentrated under vacuum, bias if ied with 
aqueous NasCOj and diiuted with' water td give a solid . 
Filtration and ;r eery s^^ f f om i4e60biCl3 gives 

7-.dimethylamiM (3-bromoanliiribrp - 

30, , d] pyrimidine (102 mg, 94%')- as 'a pale yelXdw "^^^ -H 
NMR .{pMSO) 6 9.93 (IH, brs) , 9.4^2^ (IH, s)', 8.48 (1H: 
s), 8.19 (IH, s), 7.85 (IH, dV J = 7 . 7 Hz ) , '7 . 35 (IH. 
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t, J =.7.9. Hz) 7:-. 30 (IH,- brd,,,.;J ■= 7 ..8 Hz) , 6.53 (IK, 

S) ,. '-3 (6H/ S): . . ■ - . ■ ■: y . , 

Example -3 5 . >.■. >: ■„ 

, • 4- fN- (l^Bromophenv l) -N-methYlaminol -7-methv-lamino- 

5 pyrido [4 . 3 -d1 pvrimidine - : 

A mixture of 7-f luoro-4- (3-toromoanili^ 
.;^.,..;. ;,...pyrido [4 , 3 r-d]:pyrimidine=j[100^^^i^ .trieth- 
ylamine (4.4 mL, 32 mmole) and methylamine hydrochlo- 
ride., (2.1.2 g, 32 mmole) dnisopropanol (30 mL) con- 
10 ' tained,. in a steel bomb is „. stirred, at, ,100 ''C ( oil bath) 
. : . for 5 h. .The result ingcmixture .as,,,^^^^^^ 

■ vacuum, basified;..wieh?:agueou Na^COj, . diluted, with 
water and extracted with pEtOAc (.3 ,x 10 a mL).. .Chroma■- 
. • .■ tography. of- this extract pn;isilica; gel , .(,1-2% 
15 MeOH/CHjClj ) gives .. 4 -.(N- .(3 -br.pmophenyl ).. -Nrmethylamino] - 
7-methylaminopyrido C4,:3-d] pyrimidine (23 mg, .21%) as a 
pale yellow, solid. ^H NMR, (DMSO) 6 .,8.14 (IH, s) , 7.79 
(IHv s).. 7.30 (IH, :t, J = 8.0 HZ)> .7.20 (IH, .ddd, J = 
7.9, 1.8, 0.8 Hz),' 7.05 (IH, brq, J = 4.9 Hz) , 7.01. 
20 (IH, t, J = 1.9 Hz), 6.82 (IH, ddd, J = 7.8, 1.8, 0.9 
HZ), 6.25 (1», s), 3.40 {3H, s) , 2.7|J|H.,,.,dr J = 4.9 
Hz) . . i-:-...-. : ::.^:,u.,rn:,:.:U.^^ 

Example 3 6 .- . ^- .i., , ... 

7-AcetvlaminQ-4 - ( 3 -hromQanil -inQ>pvrido f 4 , 3-d1 pyrimidine 

25, A nvixture,^qf .^;-amihor4^.^^ - 

.V... , pyrido[4..3-d]pyrimidine ,.^0 .],54..g,,..^0 .,^.^^^p^^^^^^^ acetic 

>. /anhydride. (Q.,.l:4.:,iia., ,,1 . S t^^^^ ' 
. mmol), .and a^cata■lytic ..ampimt -ot 4 
amino ):pyridine-, .are st.irred uii<ter,^Nj,,^at^ jroom temperature 
30 for 18 h. The reaction is then quenched by addition c: 
ice water. The dar)c precipitate is collected by 
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Buchner filtration and is purified by preparative tic 
' -(Rf ='^^0.25/ 7% MeGH/CHClj) . Recrystal'lization from EtOH 
gives 7-acetylamino-4- (3-bromoanilino)pyrido [4 , 3-d] - 
pyrimidine (13.5 mg, 7.7%). NMR (DMSO) b 10.92 
5 (IH, S), 10.22 (IH, S) , 9.64 (IH, s) ,:,,.8 .JO:, ^ s) , 

...J.:.?. m-mA.im.:^^S . : .m2^}.mi:r B). J;.:.a8^j,:llH .iVd , : J ,=. . 7. . 7H2 ) 
7.41-7.34 (3H, m) , 2 . 16 f3H, :s.), . . . . . . , 

- Example 37 ■ 
• - 4^ rj-^Bfomoaniliridl -7-mette yvpvrido r4-..3.-dTDvrimidine 

10 -^^'-^ A^^ solution of 7-f luoro-4- O-bromoanilino) - 

pyrido [4, 3-d] pyrimidine (100 mg/ 0.31 mmol) in 1 M 
^cMium th^^^ mL} is. stirred under 

u . ^^rjCuj^r^ The dresult^ing mixture is^ concentrated 

"^^- ■^'under reduced "pres water: and neutra- 

ls lized withMiMte^^HGl to^give 7^methoxyr,4- (3-bromo- 
, . ^lii^inb) pyrido [*■; 3 -d] pyrimidine (92 mg:>/^89V) as a 

"-white solid;> 'H NMR;^>(DMS0); -6>a0.22;>^(^^^^ brs^. , 9.57 (IH, 
^%);-8.63 (IH, s); '•8,19- (1^ s) , . 7.86 -.(IH, brd, J = 7.9 
'^^'HZ)V 7.39 (IH, t,'j^= 7.9 Hz), 7.35 (IH, dd, J = 7.9, 
20' I.S'^HZ), 6.96 (IH, S) , 4.00 (3H, s) . 

^ • Examplfe 38 ^- ■ ^^-^ 

4-Ben2vlaminQ Pvridof4 . 3 -d1 pyrimidine 

4 - Methyl thiopyrido [4 , 3 -d] pyrimidine^ (160 . 4 
-^-nig;-^#^ .992 
25 mmol) in EtOH (2 mL) are heated at 80«C for 12 h, and 

tk<^ th¥ is^rismoved ■ reduced pressure . 

' " ' The 'icekultihg^o^I^^ is ^^uspehdfed; in CHiCizr filtered, 

and^'t^lie'^^esu^ is 'purified by preparative tic 

' ' ' ' on "1^ in CHGli^v Removal of 

3 0'' ' ' the^^'solvent'u yields 4-. 
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benzylaminopi^^^ n 

^ NMR ''(DMS0'r^6 VVfO^^lH^ j' = V-V Hz) , 

8 .72 (IH,^ d,_'^T=^J.BjLz^^^ (IhI^'sK^ (IH, d, j 

5 / 7^3 Hz), ,7. is (3jlV\t,/j=7V =5.8 

Hz) /' \ ^^^^"y [ ' ' ^ , ' ^_['^ 

Example 3 9 

4 - ( FRI -1 -Phenyl ethvl amino) pvrido [4 , 3-d1 pvrimidine 

^ ' ^To''^a^'' mixture ""of" T-metliyitliio 3 -d] 

10 pyrimidine^ (2.5 mL) is 

added R^^^ ™nql) 
dropwise,. rjsflux 
. . for , 20 ,h,.,.,, The. ^ solvent, is,, removed, reduce<^ ; 

press^re^ to,, griv|B. an oil ^ which from 
15 MeOH ^ to give 4r,{.{R] - 1-phenylethylamino) pyrido [4,3- 
, d] pyrimijiin^^^ m;p^;isa-13^ NMR 

{DMSp)^,_ 6^, ^,.^9 . 77„' JIH, d, ..^ J;,^ o'^. 7^^ Hz|^,^2'9 ^00^^" < 3^ ^ = 
1.1 Hz),,. 8;43,JlH^ ^d, J p S.sIh^) , ;^V,,54rj^ 7.53 
4IH, \dd,, J 5 .J,_0. 5 Hz]^^ ,7j45^ J2H, d, J = 7.2 Hz) , 
20 ... 7...33.^, UH,. t ,^., J. =^^,^ 7;,6 Hz)^,^ ',tt jj=y7 . 5 1.2 

Hz) ,,. .5 .§2^^ {IH,, ..^ 7 . 2, Hz)^,,^^,, 1 ,|L jSH, t J = 7,0 

^ Hz.) y ^^..,,^1 ^,^_'^^r" '^y^y^^^^il ^.^I-r-.-'^- 

7*Amino-4-benzvlaminopvrido"f4 , 3 -d1 pyrimidine ' 

25 A,^mixt,ure, of 2 ,..4 -diaminp , 5-,cyanopyTidinium 

acetate, (8,. 78 •g,.-45 mmol) ,, formic acid (10.66 g, 0.204 
mol) and benzylamine (45 mL, 0.41 mol) is. heated at . 
200 'C under Nj for 2 h. Upon cooling, it solidifies. 
Water (500 mL) is added and the gummy solid/water 

30 mixture is stirred for -20 min. at 0*C. The liquid is 
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decanted. The solid is washed with water and then 
recrystallized from isbpropjanol (25 mL) . After arying 
in a vacuum oven overnight, 7 -amino- 2- 
' benzylaminopyH 3-d'] p^rimij^ (^3 . 2 9 g r 73 %') is 
5 obtained as^ a ^ IMr' (DMSO) 6 9.10 

' (l^!'^ B.Bs'\lK^^ HzV, 1r.25 '(IH, s) , 7.21- 

7.36 (5H, m) , 6.46 (2H, brs) , 6,35 (IH, s) , 4.74 (2H, 
d, J = 6.0 Hz) . 

Example '^'41" 

10 7-Amino-4- f TRl - 1-phenvlethvlamino) pvrid o [4 . 3 -dl ^ 
A#ikture^^ 

mL , ' b';' 55 inOTol ) ' ^^inJT 7- amijio-^'-meth^^ 4^3- 
^ ci] pVT^itnidirils" f "^7' mg;' ' Cfl ^'Iranbl') ' ' (de^crihied lii a 
prevtb^^ ei<|)eriment^^ is' h^iati^ at:'l80'»C under' Nj for 

15 ■ i': 5''''hr^"TM^'' reac tkeh 'c:bdle§' tb'' rbbm^'^ ' ' ■ 

t"4rnperat;ire'''p^ mixtiire is 

' added' tb^' watelr' an^ CHGlj, sonicated anid if iJlt The 
phase's ar^ separate aijueoiis phase' is ' 

extrsLbted with The combined'extracSs are washed 

20 ' with water; saturated brine ' and\dr^^ "(MgSOj . The 
solvent is rembveli' u the 
residue ptixifiied' by^ usi^ig^^ pi-ej^arktive' trc '^{5%^ """ 
MeOH/CHClj) arid recrystallization from CHCI3 tb' give 
7-amino-4- ( [R] -l-phenylethylamino)pyrido [4, 3- 

25 dlpyrimidine (14.5 mg, 11%), mp 231 . 8-23 2Vi^°C.^^^H NMR 

CIH, s), 7.41 (2H, d, J =7.0 Hz), 7.31 (2H, t, J = 

"^'^'"'^-'Wz^^^^ 6.45 (2H, s) , 

^;33'^ (iH 7.^2 ^z)'; iVss' 13H, d, J 

30 = 7 . 0 Hz> . 
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Examole 42 ^' ' ' 

7 - Amino-4 - ( ^ -aminobenzvlami n n) nvrido f 4 . 3 -d1 pyrimidine 

A mixture of 7-amino-4-methylbhibpyrido (4 , 3- 

5 previous experimental) and 2-aminobenzylamine (1.70 g, 
^ ' - -ijfff-t^^ is stirred at reflux 

for''l 'h'pand the-' resulting product: is chroraatographed 
• bn-'siiica'-'gel (■7-20^^ and alumina: (6-10% 

' EtOHVcniCtp "to give-'7- amino-4-' (2- - 
'10 ■ ^binoBenzylam'rib)Wfidb[4,'3^^^^^^^ {■89. mg, 47%) 

kk' a 'white' sdliai^'H NMR- (DMSO) S- 9 (IH, s) , 8 . 68 
• - (IH, tV-^J - ^ -5 ."8 Hz) , 8 .26 {1H> S) , 7 . 05.- (lH, ; d. J = 
7/4 HzV, '6;96 (llf, t; J = 7;6 Hz) , :6-.S3 (IH, d, J = 
• 7'9 H^), 6.51 (IH, t, J = 7.4 Hz), 6.46 (2H, brs), 
15 6.35'UH-, ■ s) , 5v20M2 H, brs), 4.56 (2H,d, J = 5.8 
■ ■ . ■ ' - - 

Rxample 43 

7-&mino-4- < -dimethyl aminobenzvlami-noypVTidof 4,3 -d1 - 

.Ky^'l.tu^rkififj^ nixtiire- bf ••■■7-amiho-4-methylthiopyridot4 ,3- 
dl^yrimx^ine 'Ci^^^^^ trig, ^1.23 mmol) (described in a .pre- 
■ - 'yi^^'exier^^ 
■ - a^ ^6 '¥. VvOT Wdl")- -ih^ l^ is stirred 

under Nj' at •reflux- for l' h. -aiid- the resulting product 

25 ■ ''ir^dSrcim^^^ 

thert 'oif -^alumiii^ - (^1^ to give, 7 -amino -v^ ( 3 - 

" iiitnethyiaminobenzy lamirio;):pyrido C4 ,,3-.dlpyrimidine (14 5 
V ■ mgf 40%) as k ' White -solid./-^^^^^^^^ 

* .■ s), 8.79 (iH; t-. -J.= 5.9 Hz):, 8.26 (IH, s), 7.11 (IH- 

■ 30 • -■'ddv'^ = 8.0;,^:7i7-Hz) , 6.73::,tlH,-:;brs), .6.63 (IH, d. J 
7.6 Hz)v 6^i60 {IHv ddf J' = 8 . 1 , 2 . 2 ; Hr) , ,6 . 44 .(2H, 
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brs), 6.35 (IH, s) , 4.67 (2H, d, J = 5.8, Hz) , 2.86 
Example 44 

: 7 -Aminor^ -. ^S-nitr^obenzvlaminoypyr idQ [4 , 3-dlPvrimidine 

> ;A mixture of, 7 7amino-4-methyl^^ [4,3- 
dO'pyrimidine •-(228: mg, l,19;.mmol) (describe^, a 
previous experimental ) and ^ 3 -nitrobenzylamine (0.81 g , 
5.33 mmol) is: stirredr.^under . sit lS0^a60.;'.C for 1.5 h, 
and the:tresulting^productvGhr silica 

gel (5-10% EtOH:/;,EtpAc);;^to^ give 7-amino-4- (3- 

nitrobenzylmino)pyridp [4 , 3-d] pyrimidine (151 mg, 43%) 
as.a yellow solid;- NMR (DMSO), .6 9 . 11. , (IH, s) , 8,98 
(IH, t, J = 5.5 Hz) , 8.26 (IH, s) , 8.22. (IH, brs) , 
18.12 (>1H, ^dd,^ J: = ;^8.0, 1.8,;Hz), 7..83 (lH,,d, J =, 7 . 7 
Hz), 7.63 (IH, t, J = 7.9 Hz), 6.50 (2H, brs) , 6,38 
(IH, s) , 4.85 (2H, d, J = 5.8 Hz) . 

■ Example 45 , j^: ^. ■ ' ..^ /o.;,, 

7 -Amino-4 - ( 3 -methoxvbenzvlamino) pvridoJA. 3 rdj py^ 

, Cv„ ^ , A mixture.- of ,:7 -amincD.-.4 -methylthiopyricip [4,3- 
'20 ^ d];pyrimidine: ;(.13.6 mg, ; 0 . 71 ;imol).,.,(d^s^ in a 

- previous experimental)^: and: (1.37 
■ g, lO .;0 :mmol) in^^ispprp^ is ;;^tirred under 

^ at reflux for- :3' h.K Evaporation of v,t^^^^ siCDlyent and 
' ' > : -cKromatograph^^^^ gel;,;:(5-.iav.^^ -9^^®^ 

25 ;7^aminc>T^4 t4.^^3 1 

• d] E>yr imidine \ ( 153- .mg, ^77% as r^a ^whi t e sqI id . NMR 
^ 9vXl :(lH,:-s):, . 8,83^ ; J - 5.7 Hz), 8.26 - 

' (m, s), 7:: 24 (IH,. dt,^ Jd'P 0:.a;H2, ,Jt 8.1 Hz), 6.92_^ 

- ■'(2Hv^m).^,:^^&.^81>-(lH/:rdt, J^/^ 8.2 Hz,. J, =1 ,2; Hz) .6 . 46 
30 ^■(2H, brs) , :6.37; (IHV s);.. 4::.71 (2H, d,,J = 5.8 Hz), 

3.73 (3H, s) . 
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F.xamnle 4 6 

7-AminQ-4- (4-chlorQben2vla mino) DvridQ f4 ■■•3 -dl Dvrimidir. 
mesviate ~ " 

"The " free ba9e ''[56 'mg/' 0 .20 mmol) (prepared 
f rom 2 , 4 -diamino , 5 -cyanopvTridihium ' acetate , formic 
acid and 4 -ch^^ described in 

a previous example' is' pfecip from acetone 

solut'ic5n witH *'me^^^^ acid (105 /xL, 0 . 23 mmol; 

to .give a 'pol>nrnesylate ^^^'^ I NMR (DMSb) 6 "10.59 
41H,';^.! ' J '^'S'^'S^H sV;- 8.69"(iH, s), 7.42 

UH,f'sl/ -6,42 J 4':-89 (2H, d, J 

y= 5.8...H2) (-7 - 5H, sj. 

Example 47 

7-Amino-4- (2-bromQbenzvl amino)pvridQr4 /3-d1P\^^ 

,. A mixture of 7-araino-4 -inethyitMopyrido [4 , 3- 
dlpyi^imidine' 1 22 5 it i7''''tiOT6rT '(d-esci-ibed in a 
previous, experimental) and 2-bromob.en2ylamine (0.84 g, 

the resulting'' p^ chroma tograpHed^ 'on silica gel 

„(1,t5% EtOH/EtpAc) to give 7-amxno-4- (2- 
" brompbenzyiam^^^^ 3"-d] p^imidine (175 mg , 45%) 

' as a light' bro^ solidV"' ■^H''?!l>K"ipM^ 6 9.16 (IH, s) , 

.8,8.5.JlHV/'t^^^^ 5'V7 '';Hzr, 8'^:'24'"(iH; ' sf 7.64 (IH, "d, J 

.= /7.8"h2)', J'= 7':7,' '7;i HzY, 7.31 (IH, 

, dd,,..V.= 7.7^^^^^^ '7.2i; ;{1H\ ^'did^ J ='7.8, 6.9, 2.4 

Hz) 6.50J2H, .b^^^ 6.'39 (IH, s) , 4.74- (2H, d, J = 

5.7 Hz) . " T 
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Examole 4 8 ^ _ 

7-'Amino-4'- (^'^iprcmois pvrimidine 

A mixture of 7-amino-4-methyithiopyrido [4 , 3- 
di,pyriraidine ' (228 mg in a 

,..5. ''^. . . previous , experimental and"3>^^^^^ (0.84 g, 

resulting product is chromatograplied ' 6ri gel (2- 

.10% EtOH/EtOAc) to give T-amin^^^^ 

bromophenyl)methyiamino]pY^^^ (203 
10 , , mg ,52%). as , a ' 1 ight brown" solid . NMR '\ DMSO ) 6 ' 9.09 
(IH, s) ,' 8.86 (IH, t, "j ='"5.8' Hz)^ 8:26' ilH, s) , 7.54 
(IH, S), 7.44 (IH, d',^ J = 7.8 kz,); '7f36 (IH, d, J = ^ 
7.6 HZ), 7.29 (IH, t, J = 7.7 Hz) , 6.48 (2H, s) , 6.37 
(IH, S) , 4.73 (2H, d, J « 5.8 Hz)i ' " ^ 



, 7-Amino-4-'(4 -brcmobenzvl5tmi^ . 3 -d1 pvrimidine 



20 



25 



a' mixture of ''7-amriin 
dlpyrimidine (234 Vg/ ' iV^^^^^^^ (described in a 

previous experimental) anS''^4-6rc^^^ (0.84 g, 

4.52 .mmol)' is' stirred undi^^^^^^^^ 1 h, and 

the refxiltihg. product chtbm 9©! 
(10% EtOH/EtoAc) to giye' 7-'4mino-4'-^^^ 

bromobenzylamino)pyridbi4/3-d]'pyri^^ (192 mg, 48%) 

as a cream solid, '"^K m^lR jpi^O)- 6^.0^ (IH, s) , 8.87 
. (IH, t,'"j = 5.7 Hz), 8.25'(1H,' s d, J = 

8.3 Hz), 7.31' (2h! d, 'j''^''6:'§'iizt', 'S-46/{21i, brs) , 
6.37 (IH, s), 4.70 (2H, d, J » S-.S'li). ' 
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Example 50 ,v:,v.r'vv;V 
7 - ^irio'-^'-'YiS'- 1 f 4 > 3 - 

d1 pvrimidine -^^ 

A mixture of 7-amTno-4-methylthiopy 
d] pyrimidine { 225 mg, 1.17 mmol) arid^ 2 - ' 
(trif luoromethyl) benzylam "(0 /90 mL, " 6 .42 mmol) is 
stirred under/ at ' 150 °C for 1 "h." 'The'f esulting 
product Jis chroma tographe'd on siiica gel l5% 
EtOH/EtOAc) to give 7-amino-4- (2- 
1 0 t rif luo^romethylbenzyl ) aminopyrido [4 ,3 -d] pyrimidine 
(0.^22 3/^59 scjlidV' ^n'i^ 6 9.16 

^' r ^{IH, S) , 8^88 (IH, t, J = 5 .7 Hz) V 8 .2I llH^^ s) , 7.75 
(ikJdV J^ =^^ 7.62 (IH, t/ J = '7:5 Hz) , 7.50 

,(1H, d, J = 7.4 Hz), 7.47 (IH, t, J ='7.6'hz"), 6.51 
15 V2H, brs)\ *6.39 (IH, s) , 4^92 12H, d, J = 5.5 Hz), 

Example 51 

dfpvriin^^ ' ■-•-•^■■v^ 

A mixture of 7-amino-4-methylthiopyrido [4 ", 3- 
20 . dlp^^rrim^ *(225 mg, 1,17 mmole) and 3- 

(trif luoromethyl) benzyiamine (0.63 niV 4.40 mmole) is 
.Stirred ^u^^ Nj at 140 °C for 1 h. The resulting 
.^^ product is^ chrpmat on silica gel (3-5% 

EtOH/EtOAc) to give 7-amino-4- [ (3- 
2 5 , trif luprqm^ pyridp [4,3- 

.dl^pirrimidine ( 0 . 2 63%) as a light browii solid. 

,NMR (DMSOL 6 '9.10 (Ih!/ si'T^e . 92 UH;' tT J Hz), 
8.26 \(,1H, . s) , 7.J1.(1H, s), 7.66 (IH, d, J''^ 7.4 Hz), 
J.62'yiPI, d, J.^= 7.8;Hz), 7,^57 (IH, t, J'= 7.6 Hz), 
30 6.49 (2H, 'brs) , 6.38 (IH, s) ,' 4^82 (2H, d, J = 5.8 
Hz). 
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Example 52 ■ _ 

7-AiT\ino-4- (4-trif luoromethvlbenz vlamiflo^^ f4 . 3 - 

d1 Dvrimidine 



A mixture of 7-amino-4-methylthiopyrido [4 , 3 - 

s' dipyriraidine (225 nig, lVl7 rrimol) a^^^^^ ,, 

(trif luoromethyi) benzylamine ,(0.63 mmol) is 

" stirred under Nj at 140 «c'f^ 
product is chromatpgrapihed on alumina (5-10% 
EtOH/CHClV) then^ silica gel "(2-10% itOH/EtOAc^ to "give 

10 7-amino-4- [ (.4- . , , r ■ 

trif luoromethyipheriyi ) methylamino] jpyrido [4 , 3 - 
d] pyrimi dine (0.21 g, 56%) as a light brovm solid. 
NMR (DMSO) 6 9.12. (IH/ s) , 8:94 (IH,. t,' J =; 5.8 Hz) , 
8'.''24 (IH, s), 7.6? (2H, d/ J = 8 . 1 Hz) V' 7'.'56 (2H, d, J 

15 = '8.1 Hz) / 6.48 V2H; brs) / 6.38 (IH/ s)'^ 4:;82 (2H, d, 
J = 5.8 Hz) . 

Example 53 , 

■ 7-ynino-4^-^ftihien-?-vl^^ 

dimesvlate 

2b' ' ^ ^ ' The, compound 'is bbtai'ned from 2,4-diamino, 5- 

cyanopyridiniW'acetate (190 mg, &^S^ 'wmalY 7 formic 
'acid ' ( 0 . 23 gV 4.4 mtnoi' ) and thienylmethy (1.07 
' ml, ' 1,0 mmol ) as descrifaeci in a' previous "ei^erimetntal . 
The crudfe piroduct is converted into' a 'dimesylate salt 
2 5 as described previously ' arid recrystaili zed' 'from Pr-OH 
to give 7-amino-4- Uhxen-2-yim^ 
■' dlpyr-Lmidine dimesylat-e in'isSy^^-.'^^l'^'^ ^"^^^^ * 
, 10,67 (irirt. J"= 5.i Hz)'^ 9^21 (i^^'^aji'.]^^!^ (IH, s, . 
7.48 ilH!''ddr"j. = .:^.'l/'l-2„Hz) 7^^^^^ 3.4. 
3o'' 0.7 Hz) , 7.02 (IH, dd^ J^= 4 ^S,' 3':4 'Hz) , 6 . 42 (IH, s . 
5.06 (2H, d/ j = ■5.7' Hz) ; '2^41 ' CeH, s)'. 



wo 95/19774 . PCT/US95/00941 J 



-102- 

Example 54 

7-Acetvlamino-4 -benzvlaminopvrido [4 . 3 -d1 pvrimidine 

7-AcetYlami,no-4-metnYlt:n4.QPYrido [4,3- 
di pvrimicii:ne v^ ^AcistvI^'^ mL, 9.84 mmol) is i 

5 added" to a solution of 7-amino-4-methylthiopyrido [4 , 3 - j 
dl'pyrrmrd^ g/' 1.04 rrunol) (described in a | 

previous "experitn^ arid Et3N" '(1.51 mL, 'lb,8 mmol) in 

.^i: ^-^ - 'THF "at: b°C/ 'and t stirred at 20<'C 

for 4 "h. Water '(50" added, then the solution 

lb "was extra cte^^ witli EtOAc (3 x 50 mi) . 'Evaporation and 
chroma tbgraphy on alumina '(1% EtOH/CHClj) yields 7- 
'aoetyianii^ -methyltihibpyrido [4 /2 -d] pyriihidine ( 0 . 12 
' 'g7"^9%t yellow' solidV^' ^H NMR " (DMSO)- 6 11 . 05 ( IH^ 

' ' '"^'^^IsK f :30'' (IhV W/'9'^^d2 (IH, s); 8.3^8 (IHV s), 2.71 
15 (2K, S)/ 2,18 (^H, s) . 

7-AcetYj,^mino-4 -b^r]iZYlam?t]Pi<?PYir?-do f4 r 3- 
" " ' dl pvrimidiiie^ mi xture'^ 'of' 7-acetylamino-4 - 

' meChyltliiopyr^ [4 , 3 -d] pyrlmidirie' (O'. 40 g/ 1 , 71 mmol ) 
and benzyiaLmine iZ, 6 'mL; '9 .15'' mm;ol ) ^ is stirred under N. 
iO at: 146*=*C for "1 h, and the resulting^ ^^p is 

chromatogfaph^d on silica gel (EtOAc) to give 7- 
acetylamino-4 -benzylaminopyrido [4 , 3 -d] pyrimidine ( 0 .^3 1 

"^gri^i%) ^M^'^^ Wtelte'sol^^ ^H^NMR (DMSO) 6 10.79 (IH,. 

' ' -'s^^ (IH, t; J 5.8 Hz) , 8.49 (IH, 

' 25^ ^ s)V '^; i8 lis;' 's) / 7:39 (IH^ dt; Jrf = '6 . 9 Hz: Jt =1-7 
' HzfV''7:34 (IH/'tt, '^^^ 7.J,- 1.7 'Hz) , 7:25.'(1H, tt, J = 

' 7^1, ' '1:7 Hz) / 4'.^ = '5:8 Hz) / '2.15 (3H; s) . 
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^ 4 -AnilinQPvridoti . 4 -d1 p vrimidine 

' " ' " . 4 -CarboxamidonicQtiinic acid > 4 - Pyridine 
.dicarbpxylijc anhydride (8^^^^^^ g./iF-^^^^^^ addpd to 

5 cone NH,OH (12 .1x0.) '^ in H^p (60 mL)^^^ s^^^^ 0«C over 5 

min . Upon . addition, a pa^te ,^.f oinns^ wM^ for 
1 h at room temperature ^ , ,The w^ita pa^ sparged 
with Nj for 30 ^min^ and diluted with HjO (10 ,,mL) to form 
a, clear solution., Then.SOj is biJ±>bled ttie 
10 , solution for 15 min. reducing, its. pH^tq^ 

..cooling, the resulting ^,splici^^^^^^^^ with 
H2O, and oven dried to yield 4-carbpxamidonicotinic 
acid, (7 76% L as, a white sp^id. NMR (DMSO) 6 8,93' 
(IhV s)/ 8.76 (IH, d, 5.0 Hz)',^ 8.08 (IH, s),, 7.62 

15 (IH, s), 7.45 (IH, d, J = 5.0 Hz). 

isoauinQlinic imide . 4-Carbpxam^^ 
. acid . (.280 mg,, ^1., 68 mmol) is heated neat ^^^^ for 5 

. h to^ yield ispquinolinic imide , (1,77 .2^^ as a 

white solid. y^'H^^^^^^^ 6 11.68 (IH, s), 9.12-9.03 

20 .(2H,,. m) 1.30 (^H., d, J = ^ 5 , 1 ^Hzj^^^ ■.-:--.-:^y--z 

3 -Amino isonigQtinic acid. Brpmine (1.71 g) 
is added to 10% KOH (30 mL) on ice. . The resulting 
solution, is added to finely ground isoquinolinic imide 
(1.46 g, 9.^86. mmol). Upon .addition the mixture begins 

25, to foam., .When al] of the solid i| dissolved up 

aqueous KOH (15%, 7 mL) is added and the mixture is 
heated to 80 'C for 1 min then cooled. The mixture is 
neutralized with SOj, and cooled to 0*C until 
precipitation occurs. The solid is collected by 

3 0 suction filtration and washed with HjO, and dried in a 
vacuum oven to yield of 3 -amino isonicotinic acid (48 5 
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mg, 36%) as a white solid. NMR (DMSO) 6 9.5-8.S 

(2H, brs) , 8.20^(1H, s) , ?: 70 ^ Uh/* d, J' 5 Hz) , 7.46 
(IH, d, J = 5*Hz) \ \ ' ' 

, \ ^' iri-Pvxicid ■ A mixture of 

, , .5 3-amino isonicotinic acid Tf85 ' rfigV ' is .'Si mmol) in 

,^ . fprmamide^ (3 mL) is'heateci to i60*C for 12 h. "Upon 

, . , cpoling, the resuLting so^^^ is filtered' and washed 

7f- .Tio: -^ y^^^o^T^ arid ^.firied a vacuu^ 3H- 

^ - ^ , py ride [3,4- d]py 72%) :' ^H NMR 

10 jpMSp) 6 12 .j60' U^^ (IH, d, J 

. = 5v3 .Hz)^./8.23 VlHr 5.1 Hz). 

, . 4 -Thiopvrido73 ;4 -d1 pvrimid^ Phosphorous 

pentasulfide (1. 25 .g, 2 . 74^ mmoi) is a;dded to a 
solution of 3H-pyrido r3 /4-drpyriraid-4'-^^^^^^ (366 mg, 
15 2.49 mmol) in pyridine (4 mL)',' The mixture is 

refluxed for 4 h under Nj. The resulting black tar is 
dissolved in HjO,, and a solid f binns '-'T^^ is 
f iltered ' arid'^vi^ a vacuum over 

- to . yield .4-thiopyirido (369,8 mg, 

20 91%) ^^as a yellow solidV '1 (DMSO) d 14.48 (IH, 

, , brs|r.9.13 UH,sK UH, d/^j'w^s;^ Hz)y, 8.29 (IH, 

:v:::7 ^ ^ , , 4 -Methvit hioDvr ido f 3^: 4^^^a1 pvr imidine . A 

...... ^ mi^ of 4-thiopyr^^^ (369.8 mg, 

- 25 ...^2 ..26 mmol) , trlethylanu mLT' Vvs' mrnol) , DMSO (2 

,^ , mL) and. iqdomethane (0 .'24" mll^ 3 ,^e' mttiol) is' stirred 
0 . : at ^2V*»t: f or 12 poured into 

HjO and the resulting solid is f iltered^'and dried in a 
vacuum ^^oyen to yield 4 -methylthiopyf f do [3,4- — 
30 . dipyrimidine (222 "'mg/' 5 ^H NMR 
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{DMSOKfi^^SlJlHV sr; 9:18; (iH;-s) , ;8.79 (IH. d, J = 
8 Hz), 7.97 (IH, d, J ="8 Hz). ' 

d - &n i 1 inopY^? ^° ^ 3 • 4 - rl j pvr imidine A mixture 
of'4-miEh^thi^#^ ( 75 mg/ 0.42 

■'n^cD. anf aSline:(l,.,ini^''^^ ^^^^^ .^^ 

for"!! h. :;The''' reaction mixture' is-'6iien chromatographed 
on silica' using' MPLC ' ana" elu ting wiei' a'^gradient 
"systim (Sir;to '5% MedH l^io^'Blci^K''^ are 
concentrated; under; red^ce^^ resulting 
sol id^ is ■.rec^^.^s taliiz^^ '1 rom'' Et jO _ to ' yi-eld 4 - 
anilinopyrido't 3V4 -d] pyrimidine' (21.2 mg, 23V.) as a 
yellow solid.. ^H NMR, (DMSO) 6 10.09 (IH, s) , 9.18 (IH, 

(IH, d, J = 5.8 

\Hz)^r 7..89 ^(2lt;^ d^ J = 7.9 

,Hz) , \7.2l/'(lk'^''^t/ J ='^7^^^^ - 

F.xample 56 _ . ^ ^ _„ ^. 



" ';''';V^mi5ttui-e ]of ''pmetKyithiopyrido [3,4- 
' d] pyrimidine ^ ( 75 mg:' (5''42''tmol) (see ^pirevious 
■experimentai)-;"and'3-brom6inil^^ heated to 

100-C under for 2 h. ' tHe ^^eactiori mixture is. then 
chromatographed. on silica using MPLC and eluting with 
"■"i'^iidSHt'^^^m in CHCI3) . The 

f rac t ions; are ^ J c^^r^ed ; :^d^^^^ .f^^^^ , pressure , and 
'^1:he resulting' soli^'ts'te^ Et^O to 

yIeld"'4-(3-brcioanilM 
' mg;"i??^%r'^s a'iiiht^^^c^-^sdrid':" -IT^Ntel (DMSO) 6 
^ "lo^ls'aH. t),"'Oi W,''s)V srfBO , 8.76 (IH, 

■'^^■^■^•^ff;-^^^^^ J=^5-6'H±ff^8.25 (IH, s) , 

7.93"rrHr Sr j' = "7.7'^Hzr:"7.45-t:37-^(2H, m) . ^ 
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Example 57 

' 4 - ( 3 - B r omoan i 1 i no ) - 6 - f 1 uo ropy r i do f 3 / 4 '- (d 1 py r"im i dine 

; U iHr. , i': 

5- \N- ( tert-Butoxvcarbonyryamihol "2- 
f luoropvridine . 5-Amino-2-f luoropyridine is prepared 

" '{obtaihedL from from 2-cklor6-%-nit:ro^ 
■ r^actipn^ with^KF in MeCN witH''Ph4PBr''^^ and 
D. J^ Macquarrie', retrahedron Le^t t. / "1 111- 
114] Reaction of tW 'crude ''amine' 'wi^^ t-Bbc anhydride 
lb' gives' 5- [N- ( tert-l3ift:oxyc a:minb] '^2 - '^^ 

f luoropyridine. ^^E h^'^CBCl^^^ 8.05 (IH, 

- m) , 6.89 (IH, dd, j'=''9.'^, 3?3 Hz); 6.^66 CIH; m) , 1.52 
(9H, s) . 

5- \N- ( tert-Butoxvcarbonvl)'am irio1 
15 " ' f luorotryridm aLCid': ''"''^I^actidri 5- [N- 

( tert-butoxycarbonyl) amino] -2 -f luoropyridine (5.3 g, 
25 m^ as described 

in the following example g^ '5- tert- 
butoxycarbo^^ amino] "'-2 - jEliiorbpyf 1 dine - 4 - carboxy 1 ic 
20 acid (i\ 60 g', ^25%) . ' nM (IMSb)"' ^ 9 . 83 " (IH, brs) 

'8.84"^{1H, s) ; 7:^4^ (lH;''d^ s) . 

' 5 -Ami^O' 2- f iuorx^pvridiife -'^ -bar^ acid . 

Reaction of 5- [^^ 

f luoropyridine- 4 -c^^^ ^-^ mmol) 

25 with TFA as described abov^ gives S-amln6-2- 
f iuoropyridine-4-carbo^ ^'^^^^^ ' 
(DMSO) 5 7!85''(iH/d;' J ="1 JS^HzH "'^.23^ U J = 

2.5 Hz) . 

'''-''-■"-''''^ 6.tluord-3H^'^y^^^ ' 
30 Reaction 'of''5-amin(^-2-f luorbpy^^ acid 



wo 95/19774, 



PCT/US95/00941 



-107- 



with f ormamide .at 140 °C as above gave 6-fluoro-3H- 

. pyrido[3,4-d]pyrim^^ (--20%) r"'^H'"p^R"TD^ 6 

^'^'''■ ''''l2^At'^tiK^^^ "■ s)' , ■ 8'Vi6"'Tih7"sT',^ "TVeB (IH, 
d,, J = 3 Hz) . 

5 _ ^ . . 4- (3-Bromoanilino) -6-f lubropyr 

d1 pYrimidine . Reaction of 6-f luoro-3H-pyridb ^ 
d].pyrimidin-4 3.6 mmol) with Pdci3, 

, followed .by re,action of the crude 4,6-dihalo compound 
with 3-brpmoaniline gives 4- (3-bromoanilino) -6- 
10 f luoropyrido [3,4-d]pyrimidine {0,73 g, 63%). NMR 

ADMSO) . 6 IQ.Os/ViH, brsV, 8 / (IH, s) , 8 .75 '(IH, s) , 
, 8.25 (2H, m) , 7.90 (IH, brd, J = 6.5 Hz") , 7.44 - 7.34 
(2H, m) . 



Example 58 

15 A - ( 3 -Bromoanii ino ) - 6 - cfilor^ 4 -d1 pvrimidine 

5- \N- (tert-butoxycarbonyi) amino! -2- 
chloropvridine . A mixture of 5-amino-2-chloropyridine 
{12.86 g, 0.1 moi) , di-tert-butYidicarbonat 
0 . 11 mpl) and/Et^^^^ (12 .1. g, 1 . 12 mdlj in CH2CI2 (150 

20 tnL) is heated under reflux for 12 h, cooled, and the 
precipitate is filtered off. The organic layer is 
washed drieci ^ (CaClj) and filtered through a 

short coiunm the solvent gives 

^ 15- [N- (tert-butoxycarbonyl -2-chiof6pyridine 

25 '(11..^9,.'g;7; '^^ I3^R ;'(CIDC^^ ? IH ^d ; '^^ J =2.9 

Hz). /7,94 (IH, dd, J^=^^^ 7^24 (IH, d, J = 

.8 . 7, .,Hz}. , 7 . is" JlH, m) ^ I'^Sl (9 H,,^ys) ? ' ' 



5- IN" (tert-Butoxycarbonyl) amiriol -2- 
chloropyr idine - 4 - carboxvl ic acid . A solution of 5- [N- 
30 .^(tert-butox^^ (22 .87 g, 



SUBSTITUTE SHEIi; (RULE.26L 
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0.1 mol) and TMEDA (47 mL, 0.3I-mol);uin dry Et.O (60C 
mL.y 'is cooiecl to -78°C, and' n-BuLi-'^tiO^'^M- 
30 mL, O.'l mol) is added dtdpwise .^The solution is 
allowed 1 6^^ w -lb°C and is-' then^'lcept atl' --that 

5 . temperature' for 2 i^eforis'being^ rfecboled tO''-78<'G: 
Dry' CO2 'is then bubbled ' in , and -the -result ing .mixture 
is allowed^ 'to war^^ wich 
water (300 mL) cphtaihing a small amount- of The 
resulting ac^ washed witfr EtOAc/* then 

10 acidified' slowly' witih dilute' HCi ' to precipit^^ 5-[N- 

(tert-butoxycarbohyiramiiio] - 2^-chl6r6pyridine-4- 
carboxylic acid (15 .5 g/ 57V) . NMR (DMSO) " 6 10 . 00 

(IH, S) , 9.13 (IH, s), 7.74 (IH, s) , 1 v^^7 ( 9H, s) . 

" '"^^ Aminos 2 acid . 

15 A stirred suspension of 5 - [W- ( t ert--i^^>^^ 
butoxycarboriyl ) aminoT - 2 -chloropyridf h^^^^ 
acid (1.91 g) 7 mmolV in CHjClj (20d^^mL)>^i^^^treated 
slowly with trif ludroacetic acxd ' iintil - homogeneous 
(ca, 12 mL) . The' solution is stirred -overliight and 

20 extracted with' (iiiiite NH^OH, ancf the aqueous^ layer is 
£hen' acidified with dilute 'HCl' tb-'gave-a^^^ - 
of 5-sanino-2^chloropyridine-4-carb6xylic (1.05 g, 

87% yieid)\ NMR (DMSO) 6 9.01 (2H, m) i^8.03 (IH, s) , 
7.48 (IH, s) . 

25 , ,^ 6-Chloro-3H-nvridor 3.4-dlDvrimidin-4-onev A 

solutioii^ 6f 5-atnii^^^^ acid 
(8.1 g, 4.7 mmol) in formamide (100 mL) is stirred at 
140 <>C for 12 h. " Dilution 6f'- the ^^^^^^^ mixture with 
water gives a' precipitate' of 6-chlorb-3H-pyrido [3,4- 

30\' Z d] pyrimidin- '^H NMIt -(DMSO) 6 

/Tl2J3^^,a^^^ mV, 8.90 (1H, d/ J = 0. 7 Hz) / 8\ 23 (IH. s) . 
7,97 (IH, d, J = o:7'Hz)\ ' -T.' 
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, , . A,.fi^DiGhloropvriH nr:^.,4-d1PY^-imidine. A 

, §c ir redf^suspens ion ,o f ^6 - chloropyr idc^ C 3,4 - dl pyr imidin - 

rounder refQAax,,,until ' dissolved (ca. . 2^ h) ^an^- f or 

S :,- 3>-further.;3Q...min. .E^ if, P"^fl -^^^ 

.^Eediiceji.,pressure^,|land' th^ ^ 
; . ^cmixture. of ;;,GHjGl ,and ice- cold , acjuepus^ Na^CO, . The 
, ■■■ - X^sulting;, arganiC;4ayer,^^ is^ diTied (NajSpJ aiKi_ 

,,,^evaporated/tp ,giYe,.a quantitative yield of crude, 
10 ; unstable, ,4, ^e.dichloropyrido [3, 4-dlpyrim^ which 
is usedr directly in the next , step . '^^H NMR (CDCi,) 6 
,..9;38cvtWJ, 'd>-Jr= 0.5 Hz), 9.19 (IH, s) , 8 . 09 (IH. d, J 
=^i0;;5 Hz) . , : . , . I, . 

A - ( ^ -Pj^nmoanilj -fi^ghlornmnrido [3.4- 

15 H^l p^imidin^Tr ,' I ^mixt^e . of ';t^;^above crude 

,d.ichloropi^imidine^and. 3- """"^^ 
: ' , ,,is •dissGlyeiJin " i,-^OH , ^ ( laa n|) .' 'One j^ap of "cone . HCl 
j.:«AS ■ added ^t^^^niti^^ th^ reaction . -and the mixture is 
then .Seated ^^inde^ reflux ,,f^^^^^ 

diluted:'.with;wate-> to. precipitate 4- {3-bromoanilino) - 
.6-chloropyrid,o[3,A-d]pyrimidine (1.26. g, 38% yield) . ^H 
'NMR..,(DMSOl ..6wi0 .12 (IH, s) , 9 • 03 (IH, s) , 8 . 77 (IH, 
s)r,.c8.63, (IH, s);. 8,21 (3,H, s),. 7.89^ UH, d, J = 8.1 
HZ.) , 7.43-7.32 (2H, m) . , 

25:^:.:j: i,M3iSISSB^iSL^ , . ... 

:r:xxm' n^v v..-<^reat;ment.,p.f A- (3-bromoanilino) -6- 
vfluoropyrido|3 l4-d] pyrimid^ine { see a' privious 
experimentaltat.ipo >c;in: a^ressure vessel with 
sodium methbxide: in methanol gives 4- (3 -bromoanilino) - 
6-methoxypyridoC3,4-d]pyrimidine. ^H NMR-(DMSO) 6 9-93 



20 



30 
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(IH, s) , 8.94 (IH, s) , 8.61 (IH, s) , J^e'^^tlE', brs) , 
7 . 94 (1H7 brd, J = 7 . 6 -Hz)' , ' 7 .''eS- (IH; '''sr;-''iri3-l . 32 
{2H, in) , 4.01 (3H, s) . 

Example 60 " o.-^^ ' , . 

5' 4 ( 3 -Bromoanilino) - 6 -methi/ianifnopvrido f 3 . 4 - 

' '■'■'^ 

Treatmerit of''4- (i-bfomdan^ 

■ ■ fluoropyrido[3, 4-dlpyriniidihe 0.63 mmol) (see 

a'' previous experimental) at 100 in a pressure 

10 Vessel with methylamirie in ethahol followed by 

chfomatography oh alumina (CHjClj/MedH, 99:1) gives 4- 
(3 -bromoanilino) -6-methylaminopyrido [3 V^'-d] pyrimidine ' 
(0.07 g, 34%). NMR (DMSO) 6 9.69 (IH, s) , 8.75 (IH, 
s) , 8.41 (IH, s) , 8.21 (IH, brs), 7.93 (ikf brd, J = 

15 7.6 Hz-)^ ^^^v^44'-7-V28- ■■(2»r%)'-V^ ( IH; ''Wf 'S'. BZ ( IH, q, 

J = 5.0 Hz), 4.95 (3H, d, J = 5.0 Hz). 

4^^'Y3^-B:rdft6anilino>^6'^^i - 

20' s treatmient' of I- (J-brorinoa^ 

f lu6ropyridb'f3 , 4-d]pyrimidine Msee a previouis' 
experiment ai) at lOO '"C in a' pressuf^ vessel with 
dimethylamine in ethanol gives 4- (3-br6mbahiiino) -6- 
dimethylaminopyrido[3,4-d]pyrimidine. NMR (DMSO) 6 

25->- --^9'f7i s) , 8.21 (IH, 

'"'bxs)V Tl9'<^"'-(TH,-'brdr"J^ 7":5 Hz)',' 7\^2-7': 25'" '(2H, m) , 
'■'■"7.26 (IHv 's) ,'"t'.17 *l6Hf'sf:^^^^ '' ' 
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Example 6 2 ^ ; r 

4 - (Benzvlamino) pvrido f3 . 4-d1 pvrimidine 

A mixture of 4-methylthiopyrido [3, 4- 
d] pyrimidine (74 mg, 0.41 mmol) (see a preyious: 
5 expe2;;imental)^,^ a (1 mL), i&-heated to ^ 

lOO'C ^for*''2 hV" On cooling the mixture is ..concentrated 
under reduced pressure and purified directly by 
preparative tlc^^^ with CH2CI2, to 

yield 4 - (benzylamino) pyr;ido [3., 4 -d] pirrimidine. (21.2 mg, 
iO 26%) . '^h'i^ 9.21. (lH, t, J = S.S.Hz), 9.19 

' VlH, s) / sV^ Hz) , 8.5,8. (1H,.^^S), 8.20 

(IHT d^ 7.41-7. 3p -(4H,, m) ,7.26. (IH, t, 

' ''^ jj=7.i_ Hz) r^^^^ ^ _ . . 

Example 63 

15 4 - (3 -Bromoanilino) Pvrido [.2., 3 -d1 pyrimidine . ^ 

3H-Pvrido [ 2 . 3 -d1 Pvrimidin-4 -one . 2 -Amino 
nicotinic acid (15 g, 108.6 mmol) in formamide; (35 mL) 
is heated to 165 •170'C for. 3.5 h. Upon, cooling a 
solid precipitates. The solid is filter.ed ,a.nd. washed 
20 with H2O and dried in a vacuum oven to give 3H- 

pyrido[2, 3-d]^pyr^^^ 49.4%). IH NMR 

(DMSp) ^^6, 12^^ , 8 ,97 , (IH, d<irK J. = ,.1-9/ 4.5 Hz) , 

8 J3 jlH, dd,~^J^^ X.9 HZ), 8.34 XIH, ,s) , 7.57 

, y(iH,_'dki^,_,_ J_ =^ 4 ^6^^ 8^.0. Hz]^,^^ ^. . , , ^^^'^ ^, ■ 

25 , , , 4 -Thiopvr ido T 2 . 3 -d1 pvrimidine . Phosphorous 

pentasuif ide,. ( 6 ^ g, 13 ^. 5 mmol ) „ is ^added . to a solution 
of 3H-pyridol2, 3-d]pyrimidin-4-one (2 g, 13 . 5 mmol) ir, 
pyridine {5il mL) . The mixture is refliixed for 3 h. 
Upon cooling a solid formed and the pyridine is 

30 decanted off. The solid is suspended in HjO (20 mL 



.4i 
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' and -then filtered and , dried in a vacuum^ oven to yield 
n;4i-thiopyrido:'[^., 3Td];pyrimi(^^ ^. C;! ..'^2.,g,, ,,;ZS,%^ NMR 
^ (DMSQ) 6 9 ,>i:lH , .dd , , J^,-,a: .^9-,-^^ 'm^h:^PJ?: 

c;=;.mixture ot^A -^^hiopyrido t? ^.l^dlpy^ ( IJOp ^ mg , 0.76 

•^HV, ; mmol) , triethylamine, (15fc:n?g/rc.l ^l^^Q (2 mL) , 

, and iodomethane jl61 .mg, 1 :.;14^:|nimol) is stirred for 12 
10 h at 25**C. Theamixture is poured into H2Q, and 

extracted with EtOAc. The combined extracts are 
i-mashedkwith..^wgater^ dried (MgS04) , 

I v Jc and the^^? solvent if removed ; iimde^r^ r^e to 
5. yieid^r4TmethyithiopyridO:[^ mg, 
15 quant. ^^}l:jmRv.imsp)r .6::^ ,dd, , 1, 8 , 4.2 

■ > ;7^:75.utlH, .dd,:vJ,r= .:3 8 .:2..»^^^ (3H-, s) . 

■ ^ ^ A? .mixture: of; 4 -methylthippyrido [2 , 3 - 

d^ pyrimidine {15j75mg>,,^0 • 89 nmol,,^^ and, 3 il 
20 . i ^iriL) isia heated ^o >00r^C o%^2f,Ji..^^ cooling^, a 

. pT^cii^^atLm £pTX^:\ihLch is .filtered then washed with 
EtOHt andhair^dried ,tp yield 4;-v{3- r 
bromoanilino)pyrido [2, 3-d]pyTimidine (55.5 mg, 20%. 
■•r'.]m'RK{mS(2^ dd, J = 1.7, 4.3 

:25 i H2).v%^^9r01 , (aH>j dd, vJ = ; ! .^7^,. .a.^^^^^ {,1H, s) , 

i^^riS .22 • .(IH^ s)yi:'.l^:,,S^^Ai;^,:,^^j:J ( = .J ..7 Hz);, , ,,7v;71 dd, 
- J =:.4;3;. BiQ::'Az)r^l.AOA^.i^ , . „. 

i'^^; - fii4.-:(?3 -Brbmoanilino.) -7.^f4nGroDvrido-r2 . 3 -d1 pvrimidine 
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7 ■ 6-Dif 1 ^ioronic ncinic acid. 2,6- 
■■•'-^ ^DiflUordpyiridine ' (7^89-^^mL>^ ^is added 

J^^'-'' %ropW£^e under ^W^m-^i^€i^t&-^ stirred, solution of 
- ifthiunv ^iopropylamide . O^.^tnL .of ^ a 1 .iS N- solution 
5 ^ ,iir^y6^oh^ane,-^(>.08S^thmol^) Sin^THF.(25Q^^^ After 2 
h at 78 »G, a stream of dry COj is passed through the 
solution and the mixture is diluted with water and 
wMhed:^mt:fi.^tdAdl^The-aq^^ is neutralized 

^>with ■ 3 ¥ 'lici-,- ^^tracted^ with EtOAc >and worked ,up to 
m ■ gm 2;6-difiuoronicotinic-acid; (13v'4 .g, ..97%).; NMR 
^oS |Dr^goys6^'^8.59- (^IHi dd, J = 9:2.c8;.2 Hz).:-7.30.(1H, dd, 

.,jZ>7-'. . v.^. o ■g-T^^;.eTvir>rnn:ig6feinamide.-w^A.. solution 2.6- 
- ^^ '-^adiltuororiicoiinle'^'acid^^^ &; 0ft.:04.6ctnmoiy and SOClj 
15 (id^mif ^h ir2^dichl6rbetH^^ DMF 
- U drop) is heated" under xef lux' for -4 h, then- 

•" concentrated- to- dryhfess^' under-^ reduced' pressure . The 
r^sic^fe is diss6i?^edin Et^O UOO tnL) , i cooled': to 0 "C, 
and treated dropwise with concentrated antmonia (10.0 
20 raL,^0?i7''mmo-i^) :i^*t^ washed 
with aqueous NaHCOj ind worked up to give. 2,6- 
difltior3iacotinairide^^-(i5.6^ .^W^^^^'^Ift^NMR imcl,) ■A 

8.3, 2.9. l.r^r)^ -6i/^, ■6;.55 (aH,:.lH;v^ 



25 



30 



- >-JAmW-&- ^1 irnron jJdot-ilnamidev^ A-Solution of 
iy6-di^3;uor6mcoiinaikide U..6& g,.. 0 . 029 vmmolH in dry 
formimxde-(30'mC) 'as^:^s ammonia and 

allowed to stand- 'at ^^room^ temperature for 24 h. Water 
(50' mL) is added and the resultant precipitate is 
filtered off and washed well with wMter;,jjtor^^ 6- 
'■ithinS'i^ -iliibrbiiicbt ifvay.dfev " ^ 

'C. NMR (DMSO) 6 7.89 (IH. dd. J = 10.4. 8.4 Hz) , 
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7.31, .7 ..IS (IH, IH, 2 brs,), 6.93 (2H, brs) , 6.36 (IK, 
dd, J. = 8.4, 2.4 Hz) . 

t >^^>x^;c^ u^v.;v . ^ washings are; 'combined and 

^ ; extracted exhaustively with '^EtbAt:; ismd '^the -'extract is 
5 -:.:chromatographed on silica gial. '^EtOAc /petroleum ether 
. : :{1;:1) ,el^ forerun, while EtOAc/jpetroleum ether 
,^(2.:l) . and then EtOAc gives 2 -amino- 6- 
. fluoronicotinamide (1.57 g," 35%) , mp '(EtOAc/petroleum 
J :;^ , ether) 1-99^200 «C (Rogers, R.B . ''et al ^'rti.S . ' patent 
10. no. 4,383,851, record mp 198-200 *C] , ^^H NMR (DMSO) 6 
8.13 (IH, dd, J = 10.4, 8.4 Hz), 7.90, 7.30 (IH, IH, 2 
brs), 7.65 (2H, brs), 6.23 (IH, dd, J = 8.4, 2.6 Hz). 

.r-: • ,k suspension of 2-amino-6-fludrbhicotinamide 
(0,74 g, 4.77 mmol)' in '€riWthyl orthof ormate ^ ( mL) 
15 is heated at refliix for 8 h. After cooling to room 

vvtemperature the precipitate is filtered off and washed 
ft>;: well w^ ether to give T-fluorbpyrido [2, 3- 

., d]rpyrimid-4 (3H) -one (0.76 g, 96%) , :^H NMR (DMSO) 6 
:J,2,,13 {IKr hrs) , 'B.e6 (IH, dd, J = 10.4, 8.4 Hz), 
20 ; n, 8,38; (1H, .,s) , 7.33 (iK, dd, J = 8.4, 2^6 -Hz) . 

4- (3-Bromoanilino) -7-fluorQPvrido^2,3- 
d^ Dvrimidine. A suspension' of 7-f luoropyrido [2 , 3 - 
d]pyrimid-4 (3H) -one (bV20 g, 1.21 mmoD' in POCI3 (10 
mL) is heated under reflux for 2 h. The volatiles are 

25 then removed under reduced pressure, and the residue 
is -partitioned between aqueous NaHGOj -and ,EtOAc. The 
organic extract is worked up 'to give - crude, 4 - chloro - 7 - 
f luoropyrido [2, 3-d] pyrimidine, which is used directly 
in, the next , reaction. A solution of this product (0.20 

30 g,, lv..OS mmol) and 3-bromoanilirie "(0 .23 mL, 2.18 mmol) 
. , dn propan-2.-ol (1. 0 mL) and THF (lO mL) containing a 
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craceof cone. HCl is stirred;ac 20 »C for ^h, and 
..en concentrated to dryness." Th. ^^^^"^^ ' ^ 
dissolved .in EtOAc , . washed with aqueous NaHCO,. and 
.dissoi ,e_^ '^^^V---,; ^ whichHs chromatographed on 
..-worked -up , ,to give . an oil , ^ . ^.^ „ 

^silica:gel . : . .Eiution with; EtOAc/petroleu.- ether (1 .5) 

;ives-.3-bro.oanUi:^iJ^ile:E^o^ 
a : 1)' elutes- 4- (3-bro.oanilino) -7.f luoropyrido 2 . 3 

. /n 18 a 47%')/ 211-213- ''C. H 

.dlpyr^midine^ {0,18 g. 47*, I ^ ^r^J^ = 8 . 6 

,NMR.(DMSO) 6 10.18 (IH. brs) , ^ ^ , 33 ^H. 

•HZ), 8.80 (IH, s),. 8.17 (IH. t. J = L^^' 

■ n fl Hz) 7.53 (iH.dd, J =8.6, 

dt, = 7.6 HZ, J. = 1.8 HZ), 

2.7 HZ), 7.41-7.3,4 (2H, m) . . 

' A soiucion of 4-(3-''rbmoanlUno)<-7- 
• c in a pressure vessel '«"^-J,,, ,3. 



::L: ;LLr.:^ea pressure 
.ron>=anilino,pyridol2.3-d,pyr.,n.axne <0^ e g 

<pMSO,,,a ..97 <1H ^rs. »^ .IH, s ^ ^ 

„H brs) 7.37-7.30 -(2»v TO^^^^^^^^^ 
c-iHz), 7.44 {2H, brs) , '•- 



A solution of 4-(3-bromoaIiilino)-7- 
•,^«fV 5-dlDvrimidine (see a previous 
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hydrochloride (0.13 g, 1.88 mmol) and EtjN (0.30 mL) 
2.19 mmol) in EtOH (15 mL) is heated at 100,,,^^ a 

presisure- ve'sseii under 

reduced pressure, and the residue is partitioned 
5 between' EtdlS:- a^ Wateir.- Workup of.; the organic layer 
gives 4- (3-bfothoanilino) -7-;(methyl'ami^^ , 3 - 

%^imidihe ^'(0^16- g; -77V)v.-s>^ (IH, 
s) r8:'54 (1H;'-W/ 8.41 .(IH,: d/t:J = 8;il .:Hz) .f.,17 (IH, 
t , J ' = "l . 8^ 'Hz )'■ 1 i 83 ( IH . dd ;• .'J . », -.8: .0 , .I . ?; .Hz ) , 7.66 
10 (1H; 6rsj , --7.32 (IH, tV ' J si-'S ; a Hz)., 7 .,24 ,(1H,, dd, J = 
S'.'O^ i 'S Hz) . 6}'77 (lHv ;:dv-J = 8.1 .Hz) , 2,92 .(3H, d, J 
= 4.8 Hz)". - i< 

Example 67 ^' ■ r^'c 

4 - (3 -Bromoanili^o) -7-dimethvlaminQt3vrido [2.3- 
15 d1 pvrimidine . 

Reaction of 4- (3-bromoanilino) -7-> ;^ 

'"f lubropyra [2/3^-d]'pyrimidine.,„Xsee ,,,|t;_!p2^\^ 

experimental) (0.12 g, 0.38 mmol) with dimethylamine 
hydrochi'bride (92*mgv- 1.13'smmol.):.and EtjN (0.18 mL, 
20 1.32 mmbif' in 'EtOH (15 mL) eatploa .?<Z |qr.,18;:h in a 
pressure " Vessei / ' f ollbwed'~by ' evaporat ign , of :;;_the 
" solvent ''and w6rkup> gives 4;s (3?bromQanil:ir;lo),;^7- 
' ('dimethylaminb)pyridb[2,3- g, 84%) . 
^ '^^il'^NI4R tw^SO)' 6 9;58 (IH; 'brs)>p;8.5^^ = 9.3 
25 Hz), 8.54 (IH, s) , 8 .18 (lHv^t,N J- =..V--^^^ 

Jd = 8.0, Hz, = 1.9 Hz), 7.33 (IH, dd, J = 8.1, 8.0 
'^*^^z)'-^^7v25^ 7.10 (IH, 

'■ d',' 'J -9 .'3-'-^Kz) "'3 .-18 ' (6H, ■iS)i:-:iK. ,: ... , 
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..iA- sblution,: .,of -,4 -.U -bromoaiim 
^:.f:iuoropyrado[2,,3-..d-].pyrdmid p.Sl.mmol) and 

5. ^so■dium;■met:hbx^de '(p^^^^ from ,75 mg, of , sodium, 3.26 
:-:n.moir ^i. dry -MeOH (15;..mL): is heated^.at 30 «>C in a 
pressure vessel -for. 18: h. The mixtur^ is poured xnto 
wSter ^and extracted.with EtOAc tp give^- (3- ^ 
-::i3rSrftoanilirio):.7^ethoxypyrido [2,3-dlpyrimid^^^ (0 .23 

10 g 86%). NMR (DMSO) 6 9.88 (IH. brsV, 8.82 (IH, d, 
-'s 9 H2), 8.71 (IH, s), 8.18 (IH, dd, J - 8.0, 1,9 
HZ), 7.36 (IH, dd, J = 8.1, 8.0 Hz) , ,7 . 2?^ JlH, ddd, J 

(3H, s) . 

15 Bv ample' 6-9; ' ■ 




25 



30 



;:S:-Ethylisochiourpndaim ic^ide...,^^^^ 
thiourea (3 .80-g,: ASO mmol) and:,iodoetha^e ^^(4 50 
■tnmoi)^'iri>leOItr^^ 

^ s6$ven^ni^s.:st;.ipped under reduced |^^ssui|, ^^and the 
tesadualXMghtweiaow pil>. is,drief ^^u^der ^cuum 
^:soildlfVing spontaneously.. T^e.desir^^ confound (13.98 
' g^l^s obtained, quantitatively,. 

suspension of ^ NaOMe .^2,.7 ,g. ,50 ^l),^n EtOH (200 nO,) 
is added to a mixture of S-ethylisothiourea 
hydroiodide (11.58 g. 50 mmol) , ethoxymethylidenemalo- 
nonitrile (6.1 g, 50 mmol) and ethanol (250 mL) at 
250c The reaction mixture is refluxed under N, for 
h and then the solution is concentrated on a hot 
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plate -until precipitation is observed. After coolina 
. the-;sqlid,ris,. collected ^ by ^suction filtration Vnd is 
, stir^d : in...wate;r at,, ^S^C..^ .Filtration arldf vacuum oven 

. drying .af fords ..4.r,am 
5 (4 ;,02^g, 45%) sas .a brown solid. \}R/}h^' d '^iS 8 45 

. (lH,.,s),, .7.50 .(2H,^..brs) , .3,00 {2H, q, 7.3 Hz) , 

1-27. OH,... t,..*J,= 7.3 H2).^ / ^^,,,..yr ''^ ' ' ''""'^ 

4^Amino^2-ethylthioDyrimidine-5-^ 
4 -Amino-5,-cyanp-27et;hyIthippYrimidin .(4 . 0 ' 22 . 3 

10 mmoi) is added, to sulfuric acid (cone. , ^ 4!3 mL) in 

small portions. The mixture is then stirred uiider Nj at 
40 ®C for 1,5 h. The reaction is quenched with ice- 
water--a^ pH to -9. The 

solids, lav co^ suctipnj f iltra dried in 

15. a vacuum oven; overnight . ,4 • Amino- 2^'' 7 " " ""'"^ ' 

\ ; ethylthippyrimidinerS-carb^ g, 58%) is 

obtained as a^ flight brown, solid. . IH NMR,:. ^^(^^ 6 
8.52 {IH, s), 7.98 (2H, brs) , 7.42 V2H,| brs^^ 
(2H, q, J = 7,3 Hz), 1.27 (3H, t, J - 7.3 Hz). 

20 - . .4..0xo-^,.7^ethvlthio-^^^ . 

■ d1; pvri midine .. ..^ .A mixture pf , 4 -aminb-2- 

ethylthiopyrimidine-5-carboxamide (4.66 g, 23.5 mmol) 
and triethyl orthoformate (150 mL) is re fluxed under 
for 24/ h^ iS;. then cooled, tp. 25^9. The brown solid 

25 is isolated, by.; suction f iltration and^d^ in a 

: ; vacuumr oven .to give. 4-p5<;o-^r3t [4,5- 
:■ : d) pyritnidine:. 4 3... 54. g,, 72%) ^H lN^m : ' (DMSOf ^ 12.80 
V 4iH>^ s)„.:9:.2p tlH,.^,sk,. ^8.45 (IH,^ s) 3.18^ (2H, q, J = 
7.4 Hz) ,..1:,>3|5, (3H^ J = J^..4, Hz )^'"^ " ' " 



4-Thiono-7-ethvlthio-3H-pvrimido [4 .5- 
' d1 pvrimidine . A mixture of 4-oxo-7-ethylthio-3H- 
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- m irvf¥;V-mmolf'^ahd t^yridine (15 ^rnL)- xs^xef luxed 

^ 5 ■ SS&cSx : 5^ M. 75 ^•^) ^£d'^b6i!ed with charc.al 

'^Xfler liitf^tici; Me filtrate -is neutralized with 
fcetic acid to generate Fgold brdwn solid. Buchner 
filtration and drying in a vacuum oven affords 4- 

.0 -'ni.l2g;^'95%r:-^Hm~l6MSOy 8^6 (IH, 

' ' ^ ^,m.SM^^ -TCh^-at-e pirbcedmry-aacribed for 7- 

20 dlMiMiM--^^- -prbcedurei-described ^ °^ - 
ti^^ii.6pyridbU,3^dl^^^^^ 



is used. ^ 



7-methylaminb^yrimido C4 , S-d) pyrimidine. 
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Example 70 

' 4-BenMviamifio'-7-hvdra2inopVrimido f-4 , 5 -dlpvrimidine 

- vw wjV , i^'^ifSBen^yiamir^ pyFimido[4.,:&- 

5 'd] pyMmidine"-' rexcess .hydrazine is 

'''' ' ' iieatel lo^'istv^'C^'-i^^ The 

' ■ solid' is' filter (fried' to .give 4-benzylatnino- 

l-hydra^iM&^rimid6[^r^^ : ^^^^ 




10 4- (l-BromQanii i^^ favrimidine ■hydrochloride 

' Sh - Thi eno \ T/2 -idl^pvri mid - 4 one . A mixture of . 
methyl 3-aminothiophene-2-carboxylate (1 g, 6.3 mmol) 
and formamide (2 g) is heated at 240 for -ip-min. 
Upon coolincp#^preci^ 

15 in EtOH and filtered. The filtrate is concentrated 
uii&r reduc is purified by 

silica ^geX daxamat^ MeOH in 

,CH2gi2 , ,tq V.iel'<i 1 3 ^ 2^ d] pyf i'thid- 4 - one (249 mg , 

: V' J;'2^'ir'&^'soUd^ '±Z:iiHmr brB) , 8.20 

20 ..(IH, s), 8.17 (IH, d/ J>' 5 Hz)/ 7/42 (1H> d>^^ = 5' 

;IIZ)..,_ :^ - . ' " ^ , ' ^ 

4*Chlorothieno [3 . 2-d1 pvrimidine . To a solu- 
tion of DMF (170.3 /iL, 2.2 mmol) and dichloroethane 
(1.2 mL) at O'C under Nj,, oxalyl 1)ttiloride (279.2 mg, 
25 3.2 mmol) is added slowly and stirred for 10 min. 
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as 



3H-thieno[3,2-d]pyrimid-4-one {152.2 mg, 1.0 mmol) is 
added and refluxed for 5 h. The reaction mixture is 
poured into water and extracted with CHjCl,. The or- 
ganic layer is stripped under reduced pressure to 
5 yield 4 -chlorothieno [3, 2 -dlpyrimidine (140 mg, 82%) 
a yellow solid. NMR (DMSO) « 9.05 (IH, s) , 8.62 
(IH, d, J = 5 Hz) , 7.79 (IH, d, J = 5 Hz) . 

. , ■> -o^,.ni^.ni 1 i no) thi pno r3 . 2 -<ai T?Yr4nij.aiq? 
Ky^^nrhlnride. A mixture of 4.chlorothieno [3 , 2-d] - 

10 pyrimidine (135 mg, 0.79 mmol) and 3-bromoaniline (95 
;,L, 0.89 mmol) in 2 -methoxyethanol (2 mL) is heated to 
79 -C for 30 min. The resulting precipitate is fil- 
tered and washed with CH,C1, to yield 4-(3-bromo- 
anilino)thieno 13, 2 -dlpyrimidine hydrochloride (195.5 

15 mg, 72%) as a light yellow solid. ^H NMR (DMSO) 6 

11.33 (IH, S). 8.94 (IH, s) ,. 8.23 (IH, s) , 8.53 (IH, 
d, J = 5.3 HZ). 8.07 (IH, s), 7.77 (IH, d, J = 7.9 
HZ), 7.6 (IH, d, J - 5.3 HZ). 7.48 (2H, m) . 

^Ufample 72 

20 ^-pon^viamin"^>^^ f ^ . 2 -dl pvrimiding 

As described in the previous experiment 4- 
chlorothieno [3. 2 -dlpyrimidine (100 mg, 0.586 mmol) 
and benzylamine (710 nh, 0.645 mmol) in 2- 
methoxyethanol (2 mL) yields 4-benzylaminothieno [3 . 2 - 
25 dlpyrimidine (37 mg, 26%). ^H NMR (DMSO) 5 8.42 (IH. 
s), 8.12 (IH, d, J - 5.5 HZ), 7.39 (IH, d, J - 5.3 
HZ), 7.40-7.30 (4H, m) . 7.24 (IH, t, J - 6.8 Hz) . 
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Example 73 

4- (3-Bromoanilino) thieho f2 , 3-d] pyrimidine 

Methvl 2-aininothiophene-3 - carboxvlate. A 
mixture of methyl cyanoacetate (3.25 g, -32.3 mmol) , 
5 1,4 dithiane-2,5 diol (5 g, 32.8 mmol) , triethylamine 
(1 mL, 7.71 mmol) in EtOH (50 mL) is stirred at 40 
for 1 h. The cooled solution is eluted through a 
silica plug with CHjClj . The filtrate is stripped to 
dryness to give crude methyl 2-aminothiophene-3- 
10 carboxylate which is carried on to the next reaction. 

NMR (DMSO) 6 7.26 (IH, s) , 6.82 (IH, d, J = 5.8 Hz), 
6.28 (IH, d, J = 5.8 Hz), 3.69 (3H, s) . 

3H-Thieno [2 , 3 -d1 pyrimid-4 -one . A solution 
of methyl 2-aminothiophene-3 -carboxylate (602.1 mg, * 

15 3.83 mmol) in formamide (5 mL) is heated at 200 *C for 
12 h. The resulting tar is dissolved in CHjClj (lOmL) 
then placed on a silica plug and eluted with 10% MeOH 
in CH2CI2- The filtrate is stripped under reduce 
pressure and the resulting solid is washed with EtOH 

20 to yield 3H-thieno [2 , 3 -d] pyrimid-4 -one (231.4 mg, 40%) 
as an orange solid. ^H NMR (DMSO) 6 12.50 (IH, brs) / 
8.13 (IH, s) , 7.60 (IH, d, J = 5.8 Hz), 7.41 (IH, d, J 
= 6.0 Hz) . 

4-Ghlorothieno f 2 > 3 -d1 pyrimidine . To a 
25 solution of DMF (90 \iL) and CHjClj (2 mL) at 0*C under 
Nj^ , oxalyl chloride (148 mg, 1.2 mmol) is added slowly 
and stirred for 10 min. 3H-Thieno [2, 3-d] pyrimid-4 -one 
(81 mg, 0.52 mmol) is added as a. solid to the 
solution and warmed with a heat gun until the solid 
30 dissolves. The reaction is stirred at 25®C. for 12 h 
under Nj. The reaction mixture is poured into water 
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and extracted with CHjClj . The phases are separated 
and the organic layer is dried (NajSOj and stripped 
under reduced pressure to yield 4-chlorothieno (2 , 3- 
dlpyrimidine (87.6 mg, 97%) as a solid. NMR (DMSO) 
5 6 8.96 (IH, s), 8.17 (IH, d, J = 6.0 Hz), 7.62 {IH, d, 
J = 6 . 0 Hz ) . 

A - c>-p^»tnnanilino^ t-hi^no \2 . -d1 pvrimidine 
ViyHroghloride . A mixture of 4-chlorothieno [2 , 3- 
d] pyrimidine (135 mg, 0.79 mmol) and 3-bromoaniline 

10 (95 ML, 0.89 ramol) in 2-methoxyethanol (2 raL) is 
heated to 79 'C for 30 min with stirring. The 
resulting solid is filtered and washed with CBjCla to 
yield 4 - ( 3 -bromoanilino) thieno [2 , 3 -d] pyrimidine 
hydrochloride (197 mg, 73%) . NMR (DMSO) 6 9.99 

15 (IH, s), 8.60 (IH, S), 8.23 (IH, s) , 7.98 (IH, d, J = 
6.0 H2), 7.88 (IH, d, J -8.0 Hz) , 7.79 (IH, d, J = 6.0 
Hz), 7.37 (IH, t, J - 8.0 Hz) , 7.30 (IH, d, J = 8.0 
Hz) . 

Ricamnle 74 

20 A--Ben2vlj >tninonvrrnlQ f 2 . 3-d1 pyrimidine 

4-Benzylaminopyrrolo (2, 3-d] pyrimidine is 
prepared as described previously. G.H. Hitchings, 
K.W. Ledig and R.A. West, U.S. Patent No. 3,037,980, 
1962; rhPmical Ab stracts 1962, 52, 15130c. 

25 Rxamffle 7g 

_ A mixture of 6-chloropurine (1.0 g, 6.47 

mmol), 3-bromoaniline (0.78 mL, 7.12 mmol), and cone 
HCl (4 drops) in isopropanol (10 mL) is stirred at 
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80 'C for 5 h. Upon cooling, it precipitates. The 
solid is filtered and washed with isoproisanol and air 
dried to yield N*- (3 -bromophenyl) adenine (1.93 g, 91%) 
as a light yellow solid. NMR (DMSO) 6 11.38 (IH, 
s), 8.78 (IH, s), 8.75 (IH, s) , 7.90 (IH, d, J =8.0 
Hz) , 7.38-7.34 (2H, m) . 




Bxanmle 76 
M^-B»n7.vladenine 

N*-Benzyladenine is available coramercially 
10 from the Aldrich Chemical Company, 1001 West Saint 
Paul Avenue, Milwaukee, Wisconsin 53233. 

Bxample 77 

7-&mino-4 - (3 - ^nethvlanil i no) nvrido [4 . 3-d1 PVTlmiding 

A mixture of 7-amino-4 -methylthiopyrido [4,3- 
15' dlpyrimidine (217 mg, 1.13 mmol) and m-toluidine (1.50 
g, 14.0 mmol) is stirred at 155 "C for 30 min. The 
resulting product is chromatographed over silica gel 
(5% MeOH/CHjClj) to give 7-amino-4- (3- 
methylanilino)pyrido [4, 3 -dlpyrimidine (190 mg, 67%) as 
20 " a pale yellow solid. NMR (DMSO) 6 9.81 (IH, brs) , 
_ 9.34 (IH, s) . 8.38 (IH, s) , 7.60 (2H, s) , 7.26 (IH, 
dd, J - 8.5, 7.6 Hz) , 6.95 (IH, d, J = 7.4 Hz) , 6.63 
(2H, brs), 6.44 (IH, s) , 2.33 {3H. s) . 
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Example 78 

7-Amino-4- (4-me thoxvanilino) pvrido [4 , 3 *d1 pvrimidine 

A mixture of 7-ainino-4-methylthiopyrido [4 , 3- 
d] pyrimidine (129 mg, 0.62 mmol) and 4-methoxyaiiiline 
5 ((0.15 g, 1.2 mmol) was in ethanol (5 mL) was heated 
at 40 °C for 16 h, and then reflux for 3 h. The 
reaction mixture was cooled to 0 ovemignt, and the 
solid was colected by vacuum filtration and 
recrystalized from isopropanol to give 7-amino-4- (4- 
10 Tnethoxyanilino)pyrido [4, 3-d] pyrimidine (42 mg, 25%) as 
a yellow solid. NMR (DMSO) 6 10.00 (IH, brs) , 9.31 
(IH, s), 8.35 (IH, s), 7,62 (2H, d, J « 9.2 Hz), 6.96 
(2H, d, J = 9.2 Hz), 6.70 (2H, slbrs) , 6.41 (IH, s) , 
3.77 (3H, s) . 

15 Example 79 

4- (3-Bromoanilino) -6- (piperidin-l^vl)pvrido r3 .4- 
dl pvrimidine 

Treatment of 4- (3-bromoanilino) -6- 
f luoropyrido (3, 4-d]pyrimidine (see a previous 
20 experimental)' at 100 ®C in a pressure vessel with 
piperidine in ethanol gives 4- (3-bromoanilino) -6- 
dimethylaminopyrido [3 , 4 -d] pyrimidine . 

The pharmaceutical compositions of the 
invention can take any of a wide variety of oral and 
25 parenteral dosage forms. The dosage forms comprise as 
the active components an inhibitor as -defined 
previously. 

For preparing pharmaceutical compositions, 
one uses inert, pharmaceutically acceptable carriers 
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that can be either solid or liquid. Solid form 
preparations include powders, tablets, dispersible 
granules, capsules, cachets, and suppositories. A 
solid carrier can be one or more substances which may 
also act as dilutents, flavoring agents, solubilizers, 
lubricants, suspending agents, binders, or tablet 
disintegrating , agents; it can also be an encapsulating 
material. In powders, the carrier is a finely divided 
solid which is in admixture with the finely divided 
active compounds. In the tablet, the active compounds 
are mixed vfith carrier having the necessary binding 
properties in suitable proportions and compacted in 
the shape and size desired. The powders and tablets 
preferably contain from 5% or 10% to about 70% of 
active ingredients. Suitable solid carriers are 
magnesium carbonate, magnesium stearate, talc, sugar, 
lactose, pectin, dextrin, starch, gelatin, tragacanth, 
methyl cellulose, sodium carboxymethyl cellulose, a 
low melting wax, cocoa butter, and the like. The term 
"preparation" is intended to include the formulation 
of the active compounds with encapsulating materials 
as carrier, providing a capsule in which the active - 
con^onents (with or without other carriers) are y 
surrounded by carrier, which are thus in association 
with it. Similarly, cachets, are included. Tablets, 
powders, cachets, and capsules can be used as solid 
dosage forms suitable for oral administration. 

Liquid form preparations include solutions, 
suspensions, and emulsions. As an example niay be 
mentioned water or water -propylene glycol solutions 
for parenteral injection. Liquid preparations can 
also be formulated in solution in aqueous polyethylene 
glycol solution. Aqueous solutions suitable for oral 
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10 



use can be prepared by dissolving the active component 
in water and adding suitable colorants, flavors, 
stabilizing, and thickening agents as desir&d. 
Aqueous suspensions suitable for oral use can be made 
by dispersing the finely divided active cdrhponents in 
water with viscous material, i.e., natural or 
synthetic gums, resins, methyl cellulose, sodium 
carboxymethyl cellulose, and other well-known 
suspending agents. 

Preferably, the pharmaceutical preparation 
is in unit dosage form. In such form, the preparation 
may be subdivided into unit doses containing 
appropriate quantities of inhibitor and other anti- 
cancer materials individually or as a combination, 
15 i.e., in a mixture. The unit dosage form can be a 

packaged preparation, the package containing discrete 
quantities of preparation, for example, packeted 
tablets, capsules, and powders in vials or ampoules. 
The unit dosage form can also be a capsule, cachet, or 
20 tablet itself or it can be the appropriate number of 

any of these in packaged form. Additionally, the unit 
dosage form may be a dividable form having an 
inhibitor in one part and other anti- cancer materials 
in the other part, such as, a dividable capsule, a 
25 dividable package, or a two-part ampoule, vial or the 
like. 

The quantity of an inhibitor in unit dosages 
of preparation may be varied or adjusted from about 
0.01 mg/kg to 100.0 mg/kg, preferably 0.03 mg/kg to 
30 less than 1.0 mg/kg of inhibitor. 
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The pharmaceutical compositions preferably 
are constituted so that they can be administered 
parenterally or orally. Solutions of the active 
compounds as . free bases and free acids or 
pharmaceutically acceptable salts can be prepared in 
water suitable mixed with a suijfactant such as 
hydroxypropylcellulose. Dispersions can also be 
prepared in glycerol, liquid polyethylene glycols, and 
mixtures thereof and in oils. Under ordinary 
conditions of storage and use, these preparations" 
contain a preservative to prevent the growth of 
mi croorgani sms . 

The pharmaceutical forms suitable for 
injectable use include sterile aqueous solutions or 
dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or 
dispersions. In all cases, the form must be sterile 
and must be fluid to the extent that easy 
syringability exists. It must be stable under the 
conditions of manufacture and storage and must be 
preserved against the contaminating action of the 
microorganisms such as bacte;"ia and fungi. The 
carrier can be a solvent or dispersion medium 
containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid 
polyethylene glycol, and the like), suitable mixtures 
thereof, and vegetable oils. The proper fluidity can 
be maintained, for example, by the use of a coating 
such as lecithin, by the maintenance of the required 
particle size in the case of dispersion, and by the 
use of surfactants. The prevention of the action of 
microorganisms can be brought about by various 
antibacterial and antifungal agents, for example. 
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paragens, chlorobutanol , phenol, sorbic acid, 
thimerosal, and the like. In many cases, it will be 
preferred to include isotonic agents, for example, 
sugars or sodium chloride . Prolonged absorption of 
5 the injectable compositions of agents delaying 
absorption, for example, gelatin. 

Sterile injectable solutions are prepared by 
incorporating the active compounds in the required 
amount in the appropriate solvent with various other 
10 ingredients enumerated above, as required, followed by 
filtered sterilization. Generally, dispersions are 
prepared by incorporating the various sterilized 
active ingredients, into a sterile vehicle which 
contains the basic dispersion medium and the required 
15 other ingredients from those enumerated above. In the 
case of the sterile powders for the preparation of 
sterile injectable solutions, the preferred methods of 
preparation are vacuum drying and the f reeze-drying 
technique which yields a powder of active ingredients 
20 plus an additional desired ingredient from a 
previously sterile-filtered solution thereof. 

AS used herein, "pharmaceutically acceptable 
carrier" includes any and all solvents, dispersion 
media, coatings, antibacterial and antifungal agents, 
25 isotonic and absorption delaying agents and the like. 
The use of such media and agents for pharmaceutical ly 
active substances is well known in the art. Except 
insofar as any conventional media or agent is 
incompatible with the active ingredient, its use m 
30 the therapeutic compositions is contemplated. 
Supplementary active ingredients can also be 
incorporated into the compositions. 
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It is especially advantageous to formulate 
parenteral compositions in dosage unit form for ease 
of administration and uniformity of dosage". Dosage 
unit form as used herein refers to physically discrete 
5 units suitable as unitary dosages for the' mammalian 
subjects; to be treated; each unit containing a 
predetermined quantity, bf active materials calculated 
to produce the desired therapeutic effect in 
association with the required pharmaceutical carrier. 

10 The specification for the novel dosage unit forms of 
the invention are dictated by and directly dependent 
on (a) the unique characteristics of the active 
materials and the particular therapeutic effect to be 
achieved, and (b) the limitation inherent in the art 

15 of compounding such active materials for the treatment 
of disease in living subjects having a diseased 
condition in which bodily health is impaired as herein 
disclosed in detail. 

The principal active ingredients are 
20 compounded for convenient and effective administration 
in effective amounts with a suitable phannaceutically 
acceptable carrier in dosage unit form as hereinbefore 
disclosed. A unit parenteral dosage form can, for 
example, contain the principal active compound, i.e. 
25 an" inhibitor, in amounts ranging from about 0.5 to 
about 100 mg, with from about 0.1 to 50 mg being 
preferred. The daily parenteral doses for mammalian 
subjects to be treated ranges from 0.01 mg/kg to 10 
mg/kg of the inhibitor. The preferred daily dosage 
3 0 range is 0.1 mg/kg to 1.0 mg/kg. 

For oral dosages, the daily amount may range 
from 0.01 mg of active compound/kg of mammalian 
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subject to 100 mg/kg, preferably 0.1 to 10 mg/kg of 
subject. 

The inhibitor described above may form 
commonly known, pharmaceutically acceptable salts such 
5 as alkali metal and other common basic salts or acid 
addition salts, etc. References to the base 
substances are therefore intended to include those 
common salts known to be substantially equivalent to 
the parent compound and hydrates thereof. 

10 The active compounds described herein are 

capable of further forming both pharmaceutically 
acceptable acid addition and/or base salts. All of 
these forms are within the scope of the present 
invention. 

15 ' Pharmaceutically acceptable acid addition 

salts of the active compounds include salts derived 
from nont;oxic inorganic acids such as hydrochloric, 
nitric, phosphoric, sulfuric, hydrobromic, hydriodic, 
hydrofluoric, phosphorous, and the like, as well as 
2 0 the salts derived from nontoxic organic acids, such as 
aliphatic mono- and dicarboxylic acids, phenyl - 
substituted alkanoic acids, hydroxy alkanoic acids, 
alkanedioic acids, aromatic acids, aliphatic and 
aromatic sulfonic acids, etc. Such salts thus include 
25 sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, 
nitrate , phosphate , monohydrogenphosphate , 
dihydrogenphosphate, metaphosphate , pyrophosphate, 
chloride, bromide, iodide, acetate, trif luoroacetate , 
propionate, caprylate, isobutyrate, oxalate, malonate, 
30 succinate, suberate, sebacate, fumarate, maleate, 

mandelate, benzoate, chlorobenzoate, methylbenzoate, 
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dinitrobenzoate, phthalate, benzenesulf onate , 
toluenesulfonate, phenylacetate, citrate, lactate, 
maleate, tartrate, methanesulf onate , and the like. 
Also contemplated are salts of amino acids such as 
5 arginate.and the like and gluconate, galacturonate 

(see, for example, Berge, S.M. et.al, "Pharmaceutical 
Salts", Journal of Pharmaceutical Science, 66, pp. 1-19 

(1977) ) . 

The acid addition salts of said basic - 
10 compounds are prepared by contacting the free base 

form with a sufficient amount of the desired acid to 
produce the salt in the conventional manner. 
Preferably, an active compound can be converted to an 
acidic salt by treating with an aqueous solution of 
15 the desired acid, such that the resulting pH is less 
than 4. The solution can be passed through a C18 
cartridge to absorb the compound, washed with copious 
amounts of water, the compound eluted with a polar 
organic solvent such as, for example, methanol, 
20 acetonitrile, and the like, and isolated by 

concentrating under reduced pressure followed by 
lyophilization. The free base form may be regenerated 
by contacting the salt form with a base and isolating 
the free base in the conventional manner. The free 
25 base forms differ from their respective salt forms 
somewhat in certain physical properties such as 
solubility in polar, solvents;, but otherwise the salts 
are equivalent to their respective free base for 
purposes of the present invention. 

30 Pharmaceutically acceptable base addition 

salts are formed with metala or amines, such as alkali 
and alkaline earth metals or organic amines. Examples 
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of metals used as cations are sodium, potassium, 
magnesium, calcium, and the like. Examples of 
suitable amines are N,N' -dibenzylethylenediamine, 
chloroprocaine, choline, diethanolamine, 
5 dicyclohexylamine , ethylenediamine , N-methylglucamine , 
and procaine (see, for example, Berge, S.M. et al, 
"Pharmaceutical Salts", Journal of Pharmaceutical Science, 
66, pp. 1-19 (1977) ) . 

The base addition salts of said acidic 

10 compounds are prepared by contacting the free acid 

form with a sufficient amount of the desired base to 
produce the salt in the conventional manner. 
Preferably, an active compound can be converted to a 
base salt by treating with an aqueous solution of the 

15 desired base, such that the resulting pH is greater 
than 9. The solution can be passed through a C18 
cartridge to absorb the compound, washed with copious 
amounts of water, 'the compound eluted with a polar 
organic solvent such as, for example, methanol, 

2 0 acetonitrile and the like, and isolated by 

concentrating under reduced pressure followed by 
lyophilization. The free acid form may be regenerated 
by contacting the salt form with an acid and isolating 
the free acid in the conventional manner. The free 

25 acid fornis differ from their respective salt forms 
somewhat in certain physical properties such as 
solubility in polar solvents, but otherwise the salts 
are equivalent to their respective free acids for 
purposes of the present invention. 

30 Certain of the compounds of the present 

invention can exist in unsolvated forms as well as 
solvated forms; including hydrated forms. In general, 
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the solvated forms, including hydrated forms are 
equivalent to unsolvated forms and are intended to be 
encompassed within the scope of the present invention. 

Certain of the compounds of the " present 
invention possess one or more chiral centers and such 
center may exist in the R(D) or S{L) configuration. 
The present invention includes all enantiomeric and 
epimeric forms as well as the appropriate mixtures 
thereof . . - ^ 

While the forms of the invention herein 
constitute presently preferred embodiments, many 
others are possible. It is not intended herein to 
mention all of the possible equivalent forms or 
ramifications of the invention. It is understood that 
the terms used herein are merely descriptive rather 
than limiting and that various changes may be made 
without departing from the spirit or scope of the 
invention. 
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^^^^Qa 1. CuCN NMP 



2. (KFDMF) 



^ .NH 



CN 




r^NOz l.RaNiorH2Pd ff^^"' 
..^^.^ CI^^N CONH2 



2. H-,S04 SO'C 



CI 



Ar 




1. Ar(CH2)nNH2 "-^^n^^n 



■J base heat 

2. R^H base heat 




<;rhpme 1 S ynthftsis of PrrfrTT^^ nmnps 1-5: = H 



°»N^^HO. CuCN NMP "''^YV'"' l.RaNiorH^Pd h »h,^nh, 

CI "iH*' 

H»N.^,,^^N (T^^N 1. Ar(CH2)nNH; T^Y^^':' 



^ 3. Displace or reduce 



S;chenie2. S vr.rhef;is of Prrffnrd GrOtiPS I'S; R^ = ii 



3. HjOz/NaOH 3. KCN 

4. Rl/basc CI HN-vT"*' 
F N coMH,j ^^Q^^^ ^X'^V^N 1- Ar(CH2)„NH2 "'-tT^V^n" 



T T 1. HCONM^ ]| I : — — — r J 1 I 

„o>LA^„, 2. (COClh/DMF Ro-^^^N^ base he*' ro-'^^^n^ 

2. R^H base heat 



Srhsme 3. SyntheMf; nf Prr frrrH firnuns 6 and 8-1Q-. R-=^ 
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o 1. Br, AgNOj 

11^ 




HN'(~~)Ar 



HNO:, AcOH "' ^^ cooh i. HCONH; Ax " '^'^.^^^ " 

n'^^N-^ 2. ^fH3 B,J\^uM 2. (COCl)nDMF r'A^^J 

0 3AO n 

4.' NaOBr ^CH3)„NH: . 

4. R%SnPdcat. 

Scheme 4. Synthesis of Preferred Group 7. 



l.HNO.H,SO. YY'^° ' 1. KCN "''^ Y^'^^ M. H,SO. 50°C 
HO-^N^OH 2. PCI5 ci^H^ci 2. RaNi ci'-^n^cn 2- HQOEOj 

3. (C0CI)2 DMF 

CI HNWAr 

Y 2. ROH base V ] I 

HjN^^v^n'*^ (3. N-alkylation) r'-'^^^n''^ 



Scheme 5. Synthesis of Preferred Groups R & 9: = OR. 




Scheme 6. Preferred Group 1 1 . 



NH, 



CHjCGN), +HBr 



" '^y^^ ^•^'^ 1 • HC(OEt), A 



Br N NH, 




N NH] 



2. NaSH A 



'jl^V^'j''" 1. MelNEt, H^Y^" 
H,N AAn^ 2. Ar(CH2)„NH, „,nAA„<^ 




2. CuBr ^ 
~3. R*Hbasc 



HN'H"Ar 



Scheme 7. Synthesis of Preferred Groups 12-16. 
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1. KF MeCN 
Ph4P* Bf 



BoeNH 



COjH 

1- BuLi 



N CI 2. RaNi 

3. Boc anhydride 



2. COn 

3. TFA 



CI 



1. HCONH; 

2. POCI3 




1 . Ar(CH2)nNH; 

2. R^H base 




5;rhffme8. S ynthesis of Prpfeired Grouns 17-21. 



rv"°"i soci. ,r^"°" ^. hno,/h,so4°''' y^''° °"'- 

2. MeONa ^AoM. Tnh; ^n^nh, 2- (COCl): DMF 

OjN^^^^A^ 1. Ar(CH,)nNH."»' <^,<"V^N 1. RONO "'^ff^^l 1* 
\ XJ 2. H,/Pd " ^ L 2.Reduction ^h^n*^ 
N N - N N or displacement 

Srheme 9. S ynthesis of Preferred Grouns 22-26: R-^iL 



1. LDA-78°C fY"' "l. NH,A [TT V'" (COCl). 

fTco; ^-^n^f 2.HC0NH, pA,^,^ DMF 60»C 

CI HN'(^Ar 

1. Ar(CK,)hNH: z'^^n" 
^^J base heal ^.A^Jv^*^ 

2. R"*H base heat 




^rhomp 10. «;vnthesisof Preferred Groiins 22-26: R-=JL 
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r\ l.LDA.78°C, ''°Y^ l.LDA-78°c" °YY"^"-lJi±jL- 
F^N*^F2.B(OMe)3 f-^n^f2. CO: f^u^f 2. HCONH, 

a.HjOj/NaOH 
4. Rl/base 

''° Yl"r" (COCl), " °>r^Y^N 1. Ar(CH2)„NH2 "o,^^^^" 
F-^N^N^ DMF60»C pA^A^^ g^i^i;;^^ r'-'Ln^n*' 

2. R^H base heat 

Scheme 1 1 . Synthesis of Preferred r.mnp^ 27 & 29-^ 1 r = Rn 



o 



1. LDA B ^>v^8^co»H 1. R^SnPd "'v^^^n^" 



3. LDA 

4. CO, 



2. NH3 F-J^N^N^ 

3. HCONH, 



1- POCl. "'"Y^V^n" 1. Me SNa "'^T^V^n" 



Ar(NH2)„NH2 ,X^\<^ 2. R^MgBr R^-^n^n^ 

Ni catalyst 

Scheme 1 2. Synthesis of Preferred firniip^ 7fi 



HN'f^Ar 

^^cooH 1. HNO.^HiSO, • cN^^^cooH 1. HCONH, Ax o,n.,^^,^^ " 

HN-f^Ar 

1. H;/Pd '''->u^*Y^^'' 
(2. N-Alkylate) ro><n*^n^ 



n 



Scheme I ^ Synthesis of Preferred Group.; 29 & 30: = 
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Srhame 14. Preferred Group 32 




Scheme 15. S ynthesis of Prfffrmiri Orouns 33-36. 



OH 5' 1. (COOEOzAx "'[^n*' 

°'''Y^N l_Pnn:J^"'' Y^? ^^^^04 NaH " V't^ j 
HC-^N^ -• NH? H,N-^N^ or PCI., then R^H R'^n'^^n^ 

3- RaNi then R-^H or inverse 

3. Ar(CH2)„NH2 



Srheme 16. S ynthesis of ProfenrpH firnum ■•^7-40 



CI J. Ar(CH2)„NH2 "J'^n*' 

2. Electrophile 4/^~lr**' 

[ \ „ 2. (COCl)./ DMF VJL J 3. Modify " ~VJk»,<^ 

5^h»mP 17 Sy nthesis of Pref>TT.>H r.roim 4 1 ■ n.2-d1 ring fusion 
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T 1 + NC 1 f\ 1- HCONH, /V^N 

^S^OH ^-^OE. ^s^NH, 2. (COCl)2/DMF 

Ar(CH2)„NH2 i. £* /.^A " 




l^J 2. (reduce) "'-/X^i 
3. (alkylate) 



Schgmg 18. Synthesis of Pmfemed r.m..p a i: r2.^-Hi rinp fii^inr, 



3. H,S 



0^0,0 2. nISC^NC^H, (t!l„™^ CC'7 



H 



" . in 



1. (COCl). DMF /t^N _LJ! /°-V^N 

2. Ar(CH,)„NH, VJL,<^ 2. (reduce) " AA,^ 

3. (alkylate) 

gchgmc 19. Synthesis of Preferred r.rn..p 42: rinp fticinp 



«=' SM. 

N 1. CH,SNa °"*^V^N 




I? -i^^£l2£i:!ii r- ,N HOCH,CO.Me u .. c^^^Y^" 

^ M-s-^N-^ NaHDMSO ' '"^oXj 



CI N 

3. DMF 




1. Ar(CH2)„NH2 "|''^n*' 

2. Cu/quinoline :; — " \ J 

N- 3. (reduce) ° 

4. (alkylate) 

Scheme 20. Synthesis of Preferreri nm..p 4^- (2.3.riT rino fn^inr^ 
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SMa 1. E* 

CN 1. HC(OEl)VAc-,0 1 

^N-^""' 3. MeI/NEt3 IJ-^N^ 3. MCH^NH, n-^k' 

" 4. (alkylate) 



■9rhi.me2l: S ynthesis of Preferred GrouP 43: f2.3-cil ring fosign, 



CH' 




1. HC(OEt)3 ir 



NH 2. fCOCn^/DMF 
3. Ar(CH2)„NH2. 




HN'(~)'Ar 1. 



HN'{~)"Ar 



2. (reduce) 

3. (alkylate) 




SrhPrneig. S ynthesis of Pref^rrpd Grnun 43: [3 ■2-d1 ring fusion 



. S SM. 1. E* "J*"^*' 

H^SH 1. PPSA /Y^" R3_^'*"j''j' 

+ 2. (EtOXiCH/Ac.O 3. Ar(CH2)„NH2 s-^n**^ 

NC^CN 3. MeSNa 4 (ajj^yj^j^) 

NH; 

Scheme 23. Synthesis of Preftrreri Groun 44: r5.4.dl ring fusion. 




Scheme 24. Synthesis of Prefprred Group 44: f4.5-d1 ring fusion 
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SMe 1- E* HN-{i-Ar 

' I. (EtO),CH/ 2. (reduce) ^V^n" 

2. MeSNa " 

4. (alkylate) 



Scheme 25. Synthesis of Preferred G roup 45: f5.4-dl ring fusion. 



"'"V^N 1. HNO, H0^„ 1- HCOOH o 1 " 

c.A^^ ^•™„„X,^J 2.Ar(CH,„NH. BM^^X,^; 

^ 3. (E*) 

4; (modify) 

Scheme 26. Synthesis of Preferred Group 45: r4.5-dl ring fusion. 



CI 1. (E*) HM^. 

N.._^^„ 2. (modify) ^"--^^^n 
u^H^ 3. Ar(CH.;„NH: n-^^^ 



Ar 

n 



Scheme 27. Synthesis of Preferred Group 46. 



SMe HN'f^Ar 

^' ^r^r^H Ar(CH2)nNH. ^r-rr^H 

cAh^ 2. DMF ^^X,J "'\K^^ 

3. NH.OH AcOH 

4. Base 



Scheme 28. Synthesis of Preferred Groun 47: f 5.4.d1 ring fusion. 
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ci 



ct 



Cl 



°^^T^^^ ^' CuCN/NMP 
ci^N^ 2. RaNiH: 




N 1. HNO. 



HO 



NC N 



2. dilH2S04 

3. NH4Cl/Me3Al 




NH 



CI 



HN'(^Ar 



1. ButOCl 



2. HNO2 

3. H3PO2 



ArfCH,)„NH. 

"UL.^ " — 




Srhame 29. S vnthftsk of Preferred Group 47" f4,'>-<n ring ftiSion. 



sue SM* "f^*' 

J^N 1. LDA -r-T^N Ar(CH,)nNH; ^r-f^H 

4. NBS/NH3 

Srheme ^0. S ynthesis of Preferred GrouP 48: ring fUSlOB. 



CI SMe sue 

"'"V^N 1. CuCN/NMP "^'Y^V 1- HNO3 "'Y^N 
c,A,^ 2. RaNiH, HC-^N^ 2. KSC=SOEt h,n^^^ 

3. MeSNa 3. NH4Cl/Me,Al ii„ 

SMe MN-(i^Ar 

1. NBS '^■Ti^'? Ar(CH,)„NH, /V^f 

2. HNO2 'UL„^ "^H^ 

3. H3PO2 



Srhemg-^l. <;vnth>;st< of P rfft'rred Groun 4«: f4.5-d1 ring fUSiOn. 
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SM« SMe HN^Ar 

An 1- LDA .TY^H Ar(CH2),NH2 ^^V^/ 

3. NH2NH2 AcOH H H 

4. Base 



Scheme 32. Synthesis of Preferred Group 49: r3.4-d1 ring fusion. 



a 



1. HNO3H2SO4 

2. HjRaNi 
cooH 3. HC(=NH)NH2 




NH 1. 

<^ 2. 



POCl, 



Ar(CH2)„NH2 



n 

J 



Schcmg 33. Synthesis of Prefgrred Qnw 49: f4.?-;}1 ring fasion, 
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What Is Claimed Is : 

1, A method of inhibiting epidermal growth 
factor receptor tyrosine kinase by treating, with an 
effective inhibiting amount, a mammal, in need 
thereof, a compound of Formula I: 




■(R2)i 



Formula I 

where : 

at least one, and as many as three of A-E 
are nitrogen, with the remaining atom(s) carbon, or 

10 any two contiguous positions in A-E taken together can 
be a single heteroatom, N, 0 or S, in which case one 
of the two remaining atoms must be carbon, and the 
other can be either carbon or nitrogen; 

X = 0, S, NH or NR*^, such that R'^ = lower 

15 alkyl (1-4 carbon atoms) , OH, NH2, lower alkoxy (1-4 
carbon atoms) or lower monoalkylamino (1-4 carbon 
atoms) ; 

n = 0, 1, 2; 
R^ = H or lower alkyl (1-4 caroon atoms) ; if 
20 n = 2, R^ can be independently H or lower alkyl (1-4 
carbon atoms) on either linking carbon atom; 

R^ is lower alkyl (1-4 carbon atoms) , 
cycloalkyl (3-8 carbon atoms) , lower alkoxy (1-4 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nitro, 
25 halo (fluoro, chloro, bromo, iodo) , lower 
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perf luoroalkyl (1-4 carbon atoms) , hydroxy, lower 
acyloxy (1-4 carbon atoms; -O-C(O)R), amino, lower 
mono or dialkylamino (1-4 carbon atoms), lower mono or 
dicycloalkylamino (3-8 carbon atoms), hydroxymethyl , 
lower acyl (1-4 carbon atoms; -C(O)R), cyano, lower 
thioalkyl (1-4 carbon atoms) , lower sulf inylalkyl (1-4 
carbon atoms), lower sulf onylalkyl (1-4 carbon atoms), 
thiocycloalkyl (3-8 carbon atoms) , sulf inylcycloalkyl 
(3-8 carbon atoms), sulf onylcycloalkyl (3-8 carbon 
atoms) , sulfonamide, lower mono or dialkylsulf onamido 
(1-4 carbon atoms), mono or dicycloalkylsulf onamido 
(3-8 carbon atoms), mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms) , mono or dicycloalkylcarboxamido (3-8 
carbon atoms), lower alkoxycarbonyl (1-4 carbon 
atoms), cycloalkoxycarbonyl (3-8 carbon atoms), lower 
alkenyl (2-4 carbon atoms), cycloalkenyl (4-8 carbon 
atoms), lower alkynyl (2-4 carbon atoms) , or two 
taken together on contiguous carbon atoms can form a 
carbocyclic ring of 5-7 members or a monounsaturated 
1, 3-dioxolanyl, 1, 4-dioxanyl , 1, 4-dioxepinyl , pyranyl, 
furanyl, pyrrolidyl, piperidinyl, thiolanyl,.. 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholino ring; and 

m = 0-3, wherein Ar is phenyl, thienyl, 
furanyl,. pyrrolyl, pyridyl, pyrimidyl, imidazoyl, 
pyrazinyl, oxazolyl, thiazolyl, naphthyl, 
benzothienyl,. benzof uranyl , indolyl, quinolinyl, 
isoquinolinyl and guinazolinyl ; 

R\ .R*' R^ and R^ are independently, not 
present, H, lower alkyl ^1-4 carbon atoms) , cycloalkyl 
(3-8 carbon atoms), lower alkoxy (1-4 carbon atoms), 
cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
(1-4 carbon atoms) , amino, lower mono or dialkylamino 
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(1-4 carbon atoms) , lower mono or dicycloalkylamino 
(3-8 carbon atoms), lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms), carbonato (-OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
5 cycloalkyl of 3-8 carbon atoms; 

or ureido or thioureido or N- or 0- linked 
urethane any one of which is optionally substituted by 
mono or di- lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms) ; 
10 lower thioalkyl (1-4 carbon atoms) , 

thiocycloalkyl (3-8 carbon atoms) , mercapto, lower 
alkenyl (2-4 carbon atoms), hydrazine, N' -lower 
alkylhydrazino (1-4 carbon atoms), lower acylamino (1- 
4 carbon atoms) , hydroxylamino , or lower 0- 
15 alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R* taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated 1, 3-dioxolanyl, 1,4- 
dioxanyl, 1,4-dioxepinyl, pyranyl, furanyl, 
20 pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl, 

thiazolanyl, diazolanyl, piperazinyl, morpholino or 
thiomorpholino ring; 

any lower alkyl group substituent on any of 
the substituents in R^-R' which contain such a moiety 
25 can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylamino , lower 
dialkylamino, N-pyrrolidyl , N-piperidinyl, N- 
pyridinium, N-morpholino, N- thiomorpholino or N- 
piperazino groups; 
30 if one or more of A through E are N, then 

any of R^-R* on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; and 

if any of the substitutents R\ R^ R^ R*' R' 
or R^ contain chiral centers, or in the case of R^ 
35 create chiral centers on the linking atoms, then all 
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stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included; 

or a pharmaceutical salt or hydrate thereof. 



2. The method of claim 1 wherein X = Nfl, n 
5 = 0 or 1, in which case = H, the aromatic ring 

phenyl optionally substituted, B, D & E carbon, with A 
nitrogen and or R* H, with the other one lower 
alkoxy or halogen, 

3. The method of claim 1 wherein X = NH, n 
10 = 0 or 1, in which case R^ = H, the aromatic ring 

phenyl optionally substituted, B, D & E carbon, with A 
nitrogen and R^ or R* H, with the other one amino. 

4. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 

15 phenyl optionally substituted, B, D & E carbon, with A 
nitrogen and or R* H, with the other one lower mono 
or dialkylamino . 

5. The method of claim 1 wherein X ^ NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 

20 phenyl optionally substituted, B, D & E carbon, with A 
nitrogen and R^ or R^ H, with the other one hydrazine. 

6. The method of claim 1 wherein X - NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, B, D & E carbon, with A 

25 nitrogen and R^ or R* H, with the other one lower 
alkyl . 
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7. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case = H, the aromatic ring 
phenyl optionally substituted, B, D & E carbon, with A 
nitrogen and and R" lower alkoxy. 

5 8. The method of claim 1 wherein X = NH, n 

= 0 or 1, in which case R' = H, the aromatic ring 
phenyl optionally substituted, B, D & E carbon, with A 
nitrogen and and R* lower alkyl. 

9. The method of claim 1 wherein X = NH, n 
10 = 0 or 1, in which case R^ = H, the aromatic ring 

phenyl optionally substituted, B, D & E carbon, wrth A 
nitrogen, and or R* amino, with the other one lower 
alkoxy. 

10. The method of claim 1 wherein X = NH, n 
15 = 0 or 1, in which case R^ = H, the" aromatic ring 

phenyl optionally substituted, B, D & E carbon, with A 
nitrogen, and R^ or R* lower mono 6r dialkylamino, with 
the other one lower alkoxy. 

11. The method of claim 1 wherein X = NH, n 
20 = 0 or 1, in which case R^ = H, the aromatic ring 

phenyl optionally substituted, B, D & E carbon, with A 
nitrogen and lower mono or dialkylamino, with R* 
hydroxy. 

12. The method of claim 1 wherein X = NH, n 
25 = 0 or 1, in which case R^ = H, the aromatic ring 

phenyl optionally substituted, B, D & E carbon, with A 
nitrogen, and R^ and R* taken together are 
dioxymethylene, dioxyethylene , 2,3-fused piperazine, 
2, 3 -fused morpholine or 2,3-fused thiomorpholine . 
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13 . The method of claim 12 having any one 
of the following ring structures : 



(R2)l 



m 





14. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case = H, the aromatic ring 

5 phenyl optionally substituted, A, D & E carbon, with B 
nitrogen and lower alkoxy or halogen. 

15. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, A, D & E carbon, with.B 

10 nitrogen and R^ amino. 

16. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituteid, A, D & E carbon, with B 
nitrogen and R* lower mono or dialkylamino . 

15 17. The method of claim 1 wherein X = NH, n 

= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, A, D & E carbon, with B 
nitrogen and ~ R* hydrazino . 
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18. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R- = H, the aromat.ic ring 
phenyl optionally substituted, A, C & E carbon, with B 
nitrogen and R* lower alkyl . 

5 ""^ 19. The method of claim 1 wherein X = NH, n 

= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, A, B & E carbon, with D 
nitrogen and R^ lower alkoxy or halogen. 

20. The method of claim 1 wherein X = NH, n 
10 = 0 or 1, in which case R' = H, the aromatic ring 

phenyl optionally substituted, A, B & E carbon, with D 
nitrogen and R^ amino. 

21. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 

15 phenyl optionally substituted. A, B & E carbon, with D 
nitrogen and R^ lower mono or dialkylaminb . 

22. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case. R^ = H, the aromatic ring 
phenyl optionally substituted. A, B & E carbon, with D 

20 nitrogen and R^ hydrazino. 

23. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted. A, B i E carbon, with D 
nitrogen and R^ lower alkyl. 

25 24.. The method of claim 1 .wherein X = NH, n 

= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, A, B & D carbon, with E 
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nitrogen and or R'* H, with the other one lower 
alkoxy. 

25. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 

5 phenyl optionally substituted, A, B & D carbon, with E 
nitrogen and R^ or R^ H, with the other one amino. 

26. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the- aromatic ring* 
phenyl optionally substituted, A, B & D carbon, with E 

10 nitrogen and R^ or R^ H, with the other one lower mono 
or "dialkylamino. 

27. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted. A, B & D carbon, with E 

15 nitrogen and R^ or R^ H, with the other one hydrazine. 

28. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, A, B & D carbon, with r 
nitrogen and R^ or R^ H, with the other one lower 

20 alkyl. 

29. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, A, B & D carbon, with E 
nitrogen and R^ and R* lower alkoxy. 

25 30. The method of claim 1 wherein X = NH, n 

= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted. A, B & D carbon, with E 
nitrogen and R^ and R* lower alkyl. 
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31. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case = H, the aromatic ring 
phenyl optionally substituted. A. B & D carbon, with E 
nitrogen, and or R^ amino, with the other one lower 
alkoxy. 

32. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted. A, B & D carbon, with E 
nitrogen, and R^ or R^ lower mono or dialkylamino, with 
the other one lower alkoxy. 



33. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case = H, the aromatic ring 
phenyl optionally substituted. A, B & D carbon, with E 
nitrogen and R* lower mono or dialkylamino, with R^ 

15 hydroxy. 

34. The method of claim 1 wherein X = NH, n 
= 0 or 1. in which case = H, the aromatic ring 
phenyl optionally substituted, A, B & D carbon, with E 
nitrogen, and R^ and R* taken together are 

20 dioxymethylene, dioxyethylene, 2,3-fused piperazine, 
2,3-fused morpholihe or 2,3-fused thiomorpholine . 

35; The. method of claim 1 wherein X = NH, n 
= 0, the aromatic ring phenyl optionally substituted, 
A & D carbon, with B and E nitrogen and R* lower 
25 alkoxy. 

• 36". The method of claim l wherein X = NH, n 
= 0, the aromatic ring phenyl optionally substituted, 
A & D carbon, with B and E nitrogen and R* lower mono 
or dialkylamino. 
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37. The method of claim 1 wherein X = NH, n 
= 0, the aromatic ring phenyl optionally .substituted, 
A & D carbon, with B and E nitrogen and amino. 

3*8. The method of claim 1 wherein X = NH, n 
5 =0, the aromatic ring phenyl optionally substituted, 
A Sc D carbon, with B and E nitrogen and hydrazine. 

39. The method of claim 1 wherein X = NH, n 
= 0, the aromatic ring phenyl optionally substituted, 
B & D carbon, with A and E nitrogen and and R"* 
10 lower alkoxy.. 

40.. The method of claim 1 wherein X = NH, n 
= 0, the aromatic ring phenyl optionally substituted, 
B & D carbon, with A and E nitrogen and R^ and R"* 
lower mono or dialkylamino . 

15 - 41. The method of claim 1 wherein X = NH, n 

= 0, the aromatic ring phenyl optionally substituted, 
B & D carbon, with A and E nitrogen and R^ or R^ lower 
alkoxy, with the other lower mono or dialkylamino. 

42. The method of claim 1 wherein X = NH, n 
20 = 0, -the aromatic ring phenyl optionally substituted, 
B & D carbon, with A and E nitrogen and R^ and R* 
taken together are ethylenedioxy, 2,3-fused 
piperazine, 2, 3 -fused morpholine or 2, 3 -fused 
thiomorpholine . 

25 43. The method of claim 1 wherein X = NH, n 

= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, and either A and B 
taken together are a sulfur atom, with D & E carbon. 
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or A & B are carbon with.D and E taken together as a 
sulfur atom, with or R' H, lower alkyl, lower 
Ikoxy, amino, or lower mono or dialkylamino . 



a 



44. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case = H, the aromatic ring 
phenyl optionally substituted, and either A and B 
taken together are an oxygen atom, with D & E carbon, 
or A & B are carbon with D and E taken together as an 
oxygen atom, with or R^ H, lower alkyl, lower - 
alkoxy, amino, or lower mono or dialkylamino. 



45. The method of claim 1 wherein X = NH, n- 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, and either A and B 
taken together are a nitrogen atom, with D & E carbon, 

15 or A & B are carbon with D and E taken together as a 
nitrogen atom, with R* or R^ H, lower alkyl, lower 
alkoxy, amino, or lower mono or dialkylamino. 

46. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 

20 phenyl optionally substituted, and either A and B 

taken together are a sulfur atom with D carbon and E 
nitrogen, or D and E taken together are a sulfur atom, 
and A is nitrogen and B is carbon, with R^^* H, lower 
alkyl, lower alkoxy, amino, or lower mono or 

25 dialkylami.io . 

47. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case = H, the aromatic ring 
phenyl optionally substituted, an4 either A and B 
taken together are an oxygen atom with D carbon and E 
30 nitrogen, or D and E taken together are an oxygen 
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atom, and A is nitrogen and B is carbon, winh R^^'* H, 
lower alkyl, lower alkoxy, amino, or lower mono or 
dialkylamino . 

48., The method of claim 1 wherein X = NH, n 
5 ' = 0 or 1, in which case = H, the aromatic ring 

phenyl optionally substituted, A and B taken together 
are a nitrogen atom, and D is carbon and E is 
nitrogen, with R^^^ H, or lower alkyl, and R^ H, 
lower alkyl, lower alkoxy, amino, or lower mono or 
10 dialkylamino . 



49. The method of claim 1 wherein X = NH, _n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, and either A and B 
taken together are an oxygen atom with D nitrogen and 
15 E carbon, or A and B taken together are. a carbon atom 
with D nitrogen and E oxygen, with R^^^ H, lower 
alkyl, lower alkoxy, amino, or lower mono or 
dialkylamino . 



50. The method of claim 1 wherein X = NH, n 
20 = 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, and either A and B 
taken together are a sulfur atom with D nitrogen and E 
carbon, or A and B taken* together are a carbon atom 
with D nitrogen and E sulfur, with R^^^ H, lower 
25 alkyl, lower alkoxy, amino, or lower mono or 
dialkylamino. 

51.. The method of claim 1 wherein X = NH, n 
= 0 or 1, in which case R^ = H, the aromatic ring 
phenyl optionally substituted, and either A and B 
3 0 taken together are a nitrogen atom with D nitrogen and 
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10 



15 



20 



25 



E carbon, or A and B taken together are a carbon atom 
with D and E nitrogen atoms, with R'" H or lower 
alkyl if on nitrogen, or H, lower alkyl, lower 
alkoxy, amino, or lower mono or dialkylamino if on 
carbon. 



52. The method of claim 1 wherein rS R', 
or R* contain chiral centers, or in the case of 
create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included 
therein. 

53. The method of claim 1 wherein X=NH, n=0 
or 1, the aromatic ring phenyl optionally substituted, 
A, D & E carbon, with B nitrogen and R^ lower alkoxy. 

54. The method of claim 1 wherein X=NH, n=0 
or 1, the aromatic ring phenyl optionally substituted, 
A, D & E carbon, with B nitrogen and amino or lower 
acylamino . 

55 . The ipethod of claim 1 wherein X=NH, n=0 
or 1 the aromatic ring phenyl optionally substituted, 
A,. d'& E carbon, with B nitrogen and R^ lower mono or 
dialkylamino . 

56 The method of claim 1 wherein X=NH, n=0 
or 1, the aromatic ring phenyl optionally substituted, 
-A, D fic E carbon, with B nitrogen and R* hydrazine. 

57. The method of claim 1 wherein X=NH, n=0 
or 1 the aromatic ring phenyl optionally substituted, 
A d\ E carbon, with B nitrogen and R^ lower alkyl. 
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58. The method of claim 1 wherein X=NH, n=C 
or 1, the aromatic ring phenyl optionally substituted, 
A, B &: E carbon, with D nitrogen and lower alkoxy. 

59. The method of claim 1 wherein X=NH, n=0 
5 or 1, the aromatic ring phenyl optionally substituted, 

A, B fic E carbon, with D nitrogen and amino. 

60. The method of claim 1 wherein X=NH, n=0 
or 1, the aromatic ring phenyl optionally substituted, 
A, B & E carbon, with D nitrogen and R^ lower mono or 

10 dialkylamino . 

61. The method of claim 1 wherein X=NH, n=0 
or 1, the aromatic ring phenyl optionally substituted, 
A, B & E carbon, with D nitrogen and R^ hydrazine. 

62. The method of claim 1 wherein X=NH, n=0 
15 or 1, the aromatic ring phenyl optionally substituted, 

A, B & E carbon, with D nitrogen and R^ lower alkyl. 

63 . The method of claim 1 having the ring 
structure below: 




64 . The method of claim 1 having the ring 
20 structure below: 
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65. The method of claim 1 having the ring 
structure below: 




66. The method of claim 1 having the ring 
structure below: 




5 



67. The method of claim 1 having the ring 
structure below: 
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(R2)m 



68, The method of claim 1 having the ring 
structure below: 



■100 



R4^ ^N^ ^N' 



69. The method of claim 1 having either of 
the ring structures below: 

Where Z- nitrogen, oxygen or sutfur 

5 70. The method of claim 1 wherein the com- 

pound is selected from the group consisting of 6 -Ami- 
no- 4- {3-brom_oanilino)pyrido[3,2-d]pyrimidine; 4- (3- 
Bromoanilino) -6-methylaminopyrido [3 ,.2-d] pyrimidine ; 4 
(3-Brombanilino) -6-dimethylaminopyrido [3 , 2-d] pyrimi- 
10 dine; 7-Amino-4- (3-nitroanilino)pyrido[4,3-d]pyrimi- 
dine ; 7 -Amino- 4 - ( 3 -bromoanilino) pyrido [4,3 -d] pyrimi - 
dine; 7-Amino-4- (4 -bromoanilino) pyrido [4 t3-d] pyrimi- 
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dine; 7-Amino-4- (3-trif luoromethylanilino)pyrido[4, 3- 
dlpyrimidine; 7-Acetylamino-4 - (3-bromoanilino) pyrido- 
[4 , 3 -d] pyrimidine ; 4 -Benzylaminopyrido [4 , 3 -d] pyrimi - 
dine; 7 -Acetamido- 4 -benzylaminopyrido [4, 3 -d] pyrimi - 
5 dine; 4- (3 -Bromoanilino) -6 -chloropyridot 3,4 -d] pyrimi- 
dine; 4- (3 -Bromoanilino) -6-methoxypyrido [3 , 4-d] pyrimi 
dine; 4- (3 -Bromoanilino) -6-methylaminopyrido [3 , 4-d] - 
pyrimidine; 4- (3 -Bromoanilino) -6-dimethylaminopyrido-' 

[3, 4-d] pyrimidine; 4- (3 -Bromoanilino) thieno [3 , 2 -d] - 
10 pyrimidine; 4-Benzylaminothieno [3 , 2-d] pyrimidine;' 4- 

(3-Bromoanilino) thieno [2, 3-d] pyrimidine; and N°-(3- 
Bromopheny 1 ) adenine . 

71 . A compound of Formula I : 

Ri 

Rs X •''^^^Ar — (R2)m 

I 

Rs 



Formula I 



15 where: 



at least one, and as many as three of A-E 
are nitrogen, with the i^emaining atom(s) carbon; 

X = 0, "s, NH or NR^ such that R' = lower 
alkyl (1-4 carbon atoms), OH, NHj, lower alkoxy (1-4 
20 carbon atoms) or lower monoalkylamino (1-4 carbon 
atoms) ; 

n .= 0, 1, 2; 

= H or lower alkyl (1-4 carbon atoms H 
n = 2, R^ can be independently H or lower alkyl (1-4 
25 carbon atoms) on either linking carbon atom; 
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is lower alkyl (1-4 carbon atoms), 
cycloalkyl (3-8 carbon atoms), lower alkoxy (1-4 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nitro, 
halo (fluoro, chloro, bromo, iodo) , lower 
5 perf luoroalkyl (1-4 carbon atoms), hydroxy, lower 
acyloxy (1-4 carbon atoms; -O-C(O)R), amino, lower 
mono or dialkylamino (1-4 carbon atoms) , lower mono or 
dicycloalkylamino (3-8 carbon atoms), hydroxymethyl , 
lower acyl (1-4 carbon atoms; -C(O)R), cyano, lower 

10 thioalkyl (1-4 carbon atoms) , lower sulf inylalkyl- (1-4 
carbon atoms) , lower sulf onylalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl 
(3-8 carbon atoms) , sulf onylcycloalkyl (3-8 carbon 
atoms) , sulfonamide, lower mono or dialkyl sulfonamide 

15 (1-4 carbon atoms) , mono or dicycloalkylsulf onamido 
(3-8 carbon atoms) , mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms), mono or dicycloalkylcarboxamido (3-8 
carbon atoms) , lower alkoxycarbonyl (1-4 carbon 

20 atoms) , cycloalkoxycarbonyl (3-8 carbon atoms) , lower 
alkenyl (2-4 carbon atoms) , cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon atoms) / or two R^ 
taken together on contiguous carbon atoms can form a 
carbocyclic ring of 5-7 members or a monounsaturated 

25 1, 3-dioxolanyl, 1, 4-dioxanyl, 1 , 4-dioxepinyl, pyranyl, 
furanyl, pyrrolidyl, piperidinyl, thiolanyl, 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholinb" ring; and 

m = 0-3, wherein Ar is phenyl, thienyl, 

3 0 furanyl , pyrrolyl , pyridyl , pyr imidyl , imidazoy 1 , 
pyrazinyl, oxazolyl, thiazolyl, naphthyl, 
benzothienyl , benzofuranyl, indolyl^ quinolinyl, 
isoquinolinyl and quinazolinyl; 
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R"^' R^ and R^ are independently; not 
present, H, lower alkyl (1-4 carbon atoms), cycloalkyl 
(3-8 carbon atoms), lower alkoxy (1-4 carbon atoms), 
cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
5 (1-4 carbon atoms), amino, .lower mono or dialkylamino 
(1-4 carbon atoms) , lower mono or dicycloalkylamino 
(3-8 carbon atoms), lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms), carbonate (-OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
10 cycloalkyl of 3-8 carbon atoms; 

or ureido or thioureido or N- or O- linked 
urethane any one of which is optionally substituted by 
mono or di-lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8- carbon atoms) ; 
X5 lower thioalkyl (1-4 carbon atoms) , 

thiocycloalkyl (3-8 carbon atoms) , mercapto, lower 
alkenyl (2-4 carbon atoms), hydrazine, N' -lower 
alkylhydrazino (1-4 carbon atoms) , lower acylamino (1- 
4 carbon atoms) , hydroxy lamino, lower O- 
20 alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R^ taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated 1, 3-dioxolanyl, 1,4- 
dioxanyl, 1 , 4-dioxepinyl , pyranyl, furanyl, 
25 pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl, 

thiazolanyl, diazolanyl, piperazinyl, morpholino or 
thiomorpholino ring; 

any lower alkyl group substituent on any of 
the substituents in R'-R' which contain such a moiety 
3 0 can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylaraino, lower 
dialkylamino, N-pyrrolidyl, N-piperidinyl/ N- 
pyridinium, N-morpholino, N- thiomorpholino or N- 
piperazino groups; 



I 
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if one or more of A through E are N., then 
any of R^-R^ on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; 

if any of the substitutents R^ R^ R^ r^' r= 
5 or R^ contain chiral centers, or in the' case of R^ 

create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included; 

with the proviso that at least one of the R- 
10 R^ substituents must be other than hydrogen, hala, 

lower alkyl (1-4 carbon atoms) , or lower alkoxy (1-4 
carbon atoms) ; 

or a pharmaceutical salt or hydrate thereof 

72. The compound of claim 71 wherein the 
15 compound is selected from the group consisting of 6- 

Amino-4- (3-bromoanilino) pyrido [3 , 2-d] pyrimidine; 4 - (3- 
Bromoanilino) -6-methylaminopyrido [3 , 2 -d] pyrimidine ; 4- 
(3-Bromoanilino) -6-dimethylaminopyrido [3 , 2-d] pyrimi- 
dine; 7-Amino-4- (3 -nitroanilino) pyrido [4 , 3-d] pyrimi- 

2 0 dine ; 7 -Amino - 4 - { 3 - br omoani 1 ino ) pyrido [ 4 , 3 - d] pyr imi - 
dine; 7-Amino-4- (4 -bromoanilino) pyrido [4 , 3-d] pyrimi- *' 
dine; 7-Amino-4- (3 -trifluoromethylanilino) pyrido [4,3- 
d] pyrimidine; 7-Acetylamino-4 - (3 -bromoanilino) pyrido - 
[4 , 3-d] pyrimidine; 7-Acetamido-4 -benzylaminopyrido- 

25 [4, 3-d] pyrimidine; 4- (3 -Bromoanilino) -6-methylamino- 
pyrido [3 , 4 -d] pyrimidine; and 4- (3 -Bromoanilino) -6- 
dimethylaminopyrido [3 , 4 -d] pyrimidine . 

73. A method of inhibiting Erb-B2 or Erb-B3 
or Erb-B4 receptor tyrosine kinase by treating, with 

30 an effective inhibiting amount, a mammal/ in need 
thereof, a compound of Formula I or Formula II: 



wo 95/19774 



PCT/US95/00941 



Rs 



■165- 



Ri 




11 — (R2)m 



Re 



Fomula I 



R1 

R5 




R4''°-^E^N^R8 

t 

Re 



At — (R2)m 



Formula II 



where 



at least one, and as many as three of A-E 
5 are nitrogen, with the remaining atom{s) carbon, or 

any two contiguous positions in A-E taken together can 
be a single heteroatom, N, 0 or S, in which case one 
of the two remaining atoms must be carbon, and the 
other can be either carbori or nitrogen; 
10 X = 0, S, NH or NR^ such that R'^ = lower 

alkyl (1-4 carbon atoms), OH, NH2, lower alkoxy (1-4 
carbon atoms) or lower monoalkylamino (1-4 carbon 
atoms) ; " ^ 

n = 0, 1, 2; 

15 = H or lower alkyl (1-4 carbon atoms) ; if 

n = 2, R^ can be independently H or lower alkyl (1-4 
carbon atoms) on either linking carbon atom; 
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is lower alkyl (1-4 carbon atoms), 
cycloalkyl (3-8 carbon atoms), lower alkoxy (1-4 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nitro, 
halo (fluoro, chloro, bromo, iodo) , lower 
5 perfluoroalkyl (1-4 carbon atoms), hydroxy, lower 
acyloxy (1-4 carbon atoms; -O-C(O)R), amino, lower 
mono or dialkylamino (1-4 carbon atoms) , lower mono or 
dicycloalkylamino (3-8 carbon atoms), hydroxymethyl , 
lower acyl (1-4 carbon atoms; -C(O)R), cyano, lower 

10 thioalkyl (1-4 carbon atoms), lower sulf inylalkyl (1-4 
carbon atoms) , lower sulf onylalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl 
(3-8 carbon atoms) , sulf dnylcycloalkyl (3-8 carbon 
atoms) , sulfonamide, lower mono or dialkylsulf onamido 

15 (1-4 carbon atoms) , mono or dicycloalkylsulf onamido 
(3-8 carbon atoms) , mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms) , mono or dicycloalkylcarboxamido (3-8 
carbon atoms) , lower alkoxycarbonyl (1-4 carbon 

20 atoms), cycloalkoxycarbonyl (3-8 carbon atoms), lower 
alkenyl (2-4 carbon atoms), cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon atoms) , or two R^ 
taken together on contiguous carbon atoms can form a 
carbocyclic ring of 5-7 members or a monounsaturated 

25 1,3-dioxolanyl, 1, 4-dioxanyl, 1, 4-dioxepinyl , pyranyl, 
furanyl, pyrrolidyl, piperidinyl, thiolanyl, 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholino ring; and 

m = 0-3, wherein Ar is phenyl, thienyl, 

30 furanyl, pyrrolyl, pyridyl, pyrimidyl, imidazoyl, 
pyrazinyl, oxazolyl, -thiazolyl, naphthyl, 
benzothienyl, benzofuranyl, indolyl, quinolinyl, 
isoquinolinyl and guinazolinyl; 
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R<- R= and R° are independently, not 
present, H. lower alkyl (1-4 carbon atoms), cycloalkyl 
(3-8 carbon atoms), lower alkoxy (1-4 carbon atoms), 
cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
5 (1-4 carbon atoms) , amino, lower mono or dialkylamino 
(1-4 carbon atoms), lower mE.no or dicycloalkylamino 
(3-8 carbon atoms), lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms) , carbonate (-OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
10 cycloalkyl of 3-8 carbon atoms; 

or ureido or thioureido or N- or O- linked 
urethane any one of which is optionally substituted by 
mono or di- lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms) ; 

lower thioalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms), mercapto, lower 
alkenyl (2-4 carbon atoms) , hydrazine, N' -lower 
alkylhydrazino (1-4 carbon atoms), lower acylamino (1- 
4 carbon atoms), hydroxy 1 amino, lower 0- 
20 alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R^ taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated 1 , 3-dioxolanyl, 1,4- 
dioxanyl, 1, 4-dioxepinyl, pyranyl, furanyl, 
25 pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl, 

thiazolanyl, diazolanyl, piperazinyl, morpholino or 

thiomorpholino ring; 

any lower alkyl group substituent on any of 
the substituents in R'-R' which contain such a moiety 
can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylamino , lower 
dialkylamino, N-pyrrolidyl, N-piperidinyl, N- 
pyridinium, N-morpholino , N- thiomorpholino or N- 
piperazino groups; 
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if one or more of A through E are N, then 
any of R'-R' on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; and 

if any of the substitutents RS RS R\ R"' R' 
5 or R* contain chiral centers, or in the case of R' 

create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included; , 

r8 is lower alkyl of from 1 to 4 carbon 
10 atoms, amino or mono or dilowera'lkyl (1-4 carbon 

atoms ) amino ; 

or a pharmaceutical salt or hydrate thereof . 

74. A pharmaceutical composition adapted 
for administration as an inhibitor of the epidermal 
15 growth factor receptor family of tyrosine kinases, 
comprising a therapeutically effective amount of a 
compound of Formula I or Formual II in admixture with 
a pharmaceutically acceptable excipient, diluent or 
carrier: 



Ri 




Rs X f, ^ _(R2)^ 



R4-°^E'^N=^H 
Rb 



20 



Formula I 



1 
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Ri 

R5 X -"^^Ar -(R2)n, 



R3> 



B 



R4^°"*E^^N" "R8 
Re 



Formula II 



where : 



at least one, and as many as three of A-E 
are nitrogen, with the remaining atom(s) carbon or 
any two contiguous positions in A-E taken together can 
be a single heterpatom, N, 0 or S, in which case one 
of the two remaining atoms must be carbon, and the 
other can be either carbon or nitrogen; 

X = O, S, NH or NR\ such that = lower 
alkyl (1-4 carbon atoms), OH. NH„ lower alkoxy (1-4. 
carbon atoms) or lower monoalkylamino (1-4 carbon 
atoms) ; 

n=0,l/2; v-f 
Ri = H or lower alkyl (1-4 carbon atoms) ; it 
15 n = 2, can be independently H or lower alkyl (1-4 
carbon atoms) on either linking carbon atom; 

is lower alkyl (1-4 carbon atoms) , 
cycloalkyl (3-8 carbon atoms) , lower alkoxy (1-4 ^ 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nxtro, 
halo (fluoro, cbloro, bromo, iodo) , lower 
perfluoroalkyl (1-4 carbon atoms) , hydroxy, lower 
acyloxy (1-4 carbon atoms; -O.C(O)R), amxno, lower 
.oL or dialkylamino (1-4 carbon ^^-^J^' °^ 
dicycloalkylamino (3^8 carbon atoms), hydroxymethyl 

lower acyl (1-4 carbon atoms; -C(O)R), -^-^'^^^ ^ 
thioalkyl (1-4 carbon atoms), lower sulf inylalkyl (1-4 



i 

i 
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15 



carbon atoms), lower sulf onylalkyl (1-4 carbon atoms), 
thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl 
(3-8 carbon atoms), sulf onylcycloalkyl (3-8 carbon 
atoms), sulfonamide, lower mono or dialkylsulf onamido 
(1-4- carbon atoms), mono or dicycloalkylsulfonamido 
(3-8 carbon atoms) , mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms),, mono or dicycloalkylcarboxamido (3-8 
carbon atoms) , lower alkoxycarbonyl (1-4 carbon 
atoms) , cycloalkoxycarbonyl (3-8 carbon atoms) , .lower 
alkenyl (2-4 carbon atoms), cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon atoms) , or two 
taken together on contiguous carbon atoms can form a 
■ carbocyclic ring of 5.7. members^ or a monounsaturated 
1,3-dioxolanyl. 1,4-dioxanyl. 1, 4-dioxepinyl, pyranyl, 
furanyl, pyrrolidyl, piperidinyl, thiolanyl, 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholino ring; and 

m = 0-3, wherein Ar is phenyl, thienyl, 
20 furanyl, pyrrolyl, pyridyl, pyrimidyl, imidazoyl , 
pyrazinyl , oxazolyl , thiazolyl , naphthyl , 
benzothiehyl, benzof uranyl , indolyl, quinolinyl, 
isoquinolinyl and quinazolinyl; 

R^, R*' R^ and R* are independently, not 
25 present, H, lower alkyl (1-4 carbon atoms) , cycloalkyl 
(3-8 carbon atoms), lower alkoxy (1-4 carbon atoms), 
cycloalkoxy (3-6 carbon atoms), hydroxy, lower acyloxy 
(1-4 carbon atoms) , amino, lower mono or dialkylamino 
(1-4 carbon atoms) , lower mono or dicycloalkylamino 
30 (3-8 carbon atoms), lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 "carbon atoms) , carbonato (-OC(O)OR) 
where the R is lower alkyl; of 1 to 4 carbon atoms or 
cycloalkyl of 3-8 carbon atoms; 
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10 



15 



20 



25 



or ureido or thioureido or N- or 0- linked 
urethane any one of which is optionally substituted by 
mono or di-lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms); 

lower thioalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms), mercapto, lower 
alkenyl (2-4 carbon atoms), hydrazino,N' -lower 
alkylhydrazino (1-4 carbon atoms) , lower acy.lamino (1- 
4 carbon atoms), hydroxylamino , lower O- 
alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R' taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated 1 , 3 -dioxolanyl , 1,4- 
dioxanyl, l, 4-dioxepinyl, pyranyl, furanyl, 
pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl, 
thiazolanyl, diazolanyl, piperazinyl, morpholino or 

thibmorpholino ring; 

any lower alkyl group substituent on any of 
the substituents in R^-R* which contain such a moiety 
can be optionally substituted with one ,or more of 
hydroxy, amino, lower monoalkylamino , lower 
dialkylamino, N-pyrrolidyl, N-piperidinyl, N- 
pyridinium, N-morpholino, N-thiomorpholino or N- 

piperazino groups; 

if one or more of A through E are N, then 
any of R^-R« on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; and ^ 

if any of the substitutents RS R , R » R ^ 
or R« contain chiral centers, or in the case of R^ 
create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racem.c 
and/or diastereoisomeric mixtures are included; 

R" is lower alkyl of from, 1 to 4 carbon 
atoms, amino or mono or diloweralkyl (1-4 carbon 

3 5 atoms) amino; 

or a pharmaceutical salt or hydrate thereof 
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75. A method of inhibiting epidermal growth 
factor receptor tyrosine kinase by treating, with an 
effective inhibiting amount, a mammal, in need 
thereof, a compound of Formula. II: 

1 

Re 



Formula II 



where 



at least one, and as many as three of A-E. 

are nitrogen, with the remaining atom(s) carbon, or 

any two contiguous positions in A-E taken together can 
10 be a single heteroatom, N, 0 or S, in which case one 

of the two remaining atoms must be carbon, and the 

other can be either carbon or. nitrogen; 

X = 0, S, NH or NR^ such that R'' = lower 

alkyl (1-4 carbon atoms), OH, NHj, lower alkoxy (1-4 
15 carbon atoms) or lower monoalkylamino (1-4 carbon 

atoms) ; 

n = 0, 1, 2; 

=.H or lower alkyl (1-4 carbon atoms); if 
n = 2, can be independently H or lower alkyl (1-4 
20 carbon atoms) on either linking carbon atom; 

r2, is lower alkyl (1-4 carbon atoms) , 
cycloalkyl (3-8 carbon atoms) , lower alkoxy (1-4 
carbon atoms) , cycloalkoxy ( 3 - 8 carbon atoms ) , nitro, 
halo (fluorp, chloro, bromo, iodo) , lower 
25 perfluoroalkyl (1-4 carbon atoms) , hydroxy, lower 
acyloxy (1-4 carbon atoms; -O-C(O)R), amino, lower 
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10 



n 



mono or dialkylamino ■ (1-4 carbon atoms), lower mono or 
dicycloalkylamino (3-8 carbon atoms), hydroxymethyl , 
lower acyl (1-4 carbon atoms; -C(O)R), cyano, lower 
thioalkyl (1-4 carbon atoms) , lower sulf inylalkyl (1-4 
carbon atoms) , lower sulf onylalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms), sulfinylcycloalkyl 
(3-8 carbon atoms), sulf onylcycloalkyl (3-8 carbon 
atoms), sulfonamide, lower mono or dialkylsulfonamido 
(1-4 carbon atoms), mono or dicycloalkylsulfonamido 
(3-8 carbon atoms), mercapto, carboxy, carboxami-do 
(-C(O)-NHj), lower mono or dialkylcarboxamido (1-4 
carbon atoms) , mono or dicycloalkylcarboxamido (3-8 
carbon atoms), lower alkoxycarbonyl (1-4 carbon 
atoms), cycloalkoxycarbonyl (3-8 carbon atoms), lower 
5 alkenyl (2-4 carbon atoms), cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon atoms) , or two 
taken together on contiguous carbon atoms can form a 
carbocyclic ring of 5-7 members or a monounsaturated 
1,3-dioxolanyl, 1, 4-dioxanyl , 1 , 4-dioxepinyl, pyranyl, 
20 furanyl, pyrrolidyl, piperidinyl, thiolanyl, 

oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholino ring; and 

m = 0-3, wherein Ar is phenyl, thienyl, 
furanyl, pyrrolyl, pyridyl, pyrimidyl, imidazoyl^ 
25 pyrazinyl, oxazolyl, thiazolyl, naphthyl, 

benzothienyl, benzof uranyl , indolyl, quinolinyl, 
isoquinolinyl and quinazolinyl ; 

R\ R*' R^ and R' &re independently, not 
present, H, 'lower alkyl (1-4 carbon atoms), cycloalkyl 
30 (3-8 carbon atoms) , lower alkoxy (1-4 -carbon atoms) , 

cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
(1-4 carbon atoms), amino, lower mono or dialkylamino 
(1-4 carbon atoms) , lower mono or dicycloalkylamino 
(3-8 carbon atoms), lower alkyl (1-4 carbon atoms) or 
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cycloalkyl (3-8 carbon atoms), carbonato (-OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
cycloalkyl of 3-8 carbon' atoms ; ; 

or ureido or thioureido or N- or O- linked 
5 urethane any one of which is optionally substituted by 
mono or di- lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms) ; , 

lower thioalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms) , mercapto, lower 
10 alkenyl (2-4 carbon atoms), hydrazine, N' -lower - 

alkylhydrazino (1-4 carbon atoms) , lower acylamino (1- 
4 carbon atoms) , hydroxy lamino , lower 0- 
alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R^ taken together on 
15 contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated 1, 3-dioxolanyl, 1,4- 
dioxanyl, 1, 4-dioxepinyl, pyranyl, furanyl, 
pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl, 
thiazolanyl, diazolanyl, piperazinyl', morpholino or 
20 thiomorpholino ringr 

any lower alkyl group substituent on. any of 
the substituents in R^-R^ which contain such a .moiety 
can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylamino, lower 
25 dialkylamino, N-pyrrolidyl, N-piperidinyl , N- 

pyridinium, N-morpholino, N- thiomorpholino or N- 
piperazino groups; 

if one or more of A through E are N, then 
any of R^-R^ on a neighboring C atom to one of the N 
30 atoms, cannot be either OH or SH; 

if any of the substitutents R\ R^ R^ R^' 
or contain chiral centers, or in the case of R^ 
create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racemic 
35 and/or diastereoisomeric mixtures are included; and 



1 

wo 95/19774 



PCT/US95/00941 



-175- 

rb is lower alkyl of from 1 to 4 carbon 



, amino or mono or diloweralkyl (1-4 carbon 

.pharmaceutical salt or hydrate thereof 



atoms 

atoms) amino; 

or a 



7 6 A method of treating cancer by 
treating, with an effective cancer inhibiting amqunt, 
a mammal, in need thereof, a compound of Formula I or 
Formula II: 



10 

where 



Ri 




Rs X h^Ar — (R2)ni 



Re 



Formula I 



Ri 




' T 1 

R4''°^E'^N^R8 

Re 



Formula II 



15 



at least one, and as many as three of A-E 
are nitrogen, with the remaining atomHs) carbon or 
are ux^ a • ^ ^ t? ^p]ren toQether can 

any two contiguous positions m A-E taken toge 

- M n or s in which case one 
be a single heteroatom, N, 0 or s, m wax 
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of the two remaining atoms must be carbon, and the 
other can be either carbon or nitrogen-; 

X = 0, S, NH or NR\ such that = lower 
alkyl (1-4 carbon atoms), OH, NHj, lower alkoxy (1-4 
carbon atoms) or. lower monoalkylamino (1-4 carbon 
atoms) ; ) 

n = 0,. 1, 2/ 

R' = H or lower alkyl (1-4 carbon atoms); if 
n = 2, R^ can be independently - H- or lower alkyl (1-4 
carbon atoms) on either linking carbon atom; 

R^ is lower alkyl (1-4 carbon atoms), 
cycloalkyl (3-8 carbon atoms), lower alkoxy (1-4 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nitre, 
halo (fluoro, chloro, bromo, iodo) , lower 
perfluoroalkyl (1-4 carbon atoms), hydroxy, lower 
acyloxy (1-4 carbon atoms; -0-C{0)R), amino, lower 
mono or dialkylamino (1-4 carbon atoms),, lower mono or 
dicycloalkylamino (3-8 carbon atoms) , hydroxymethyl , 
lower acyl (1-4 carbon atoms; -C (0) R) , cyano, lower 
thioalkyl (1-4 carbon atoms), lower sulf inylalkyl (1-4 
carbon atoms), lower sulf onylalkyl (1-4 carbon atoms), 
thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl 
(3-8 carbon atoms), sulf onyleycloalkyl (3-8 carbon 
atoms) , sulfonamide, lower mono or dialkylsulf onamido 
(1-4 carbon, atoms) , mono or dicycloalkylsulf onamido 
(3-8 carbon atoms), mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms) , mono or dicycloalkylcaiboxamido (3-8 
carbon atoms) , lower alkoxycarbonyl (1-4 carbon 
atoms) , cycloalkoxycarbonyl (3-8 carbon a.toms) , lower 
alkenyl (2.-4 carbon atoms), cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon, atoms) , or two R^ 
taken together on contiguous carbon atoms can form a 
carbocyclic ring of 5-7 members or a monounsaturated 
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T 1 4.dioxepinyl, pyranyl, 
^=r,^/l 1 4-dioxanyl, 1,4 aiu v 

furanyl, dia.clanyl, piperaz.nyl, 

tn = 0-3, wnei imidazoyl / 

..any. PV«=.V. PV.-- 

p,.a.iny., »»-f^',ra:" Laolyi; ^inoUny., 
benzothienyl. benzom ' 

isoc^i^cUnyl :f :,aependently. no.. 



TV 1 (1-4 carDon auwui^. . 
present:, H, lc.»« ^^^^^^ ,,^.4 carbon atoms), 

,3-8 carbon atoms), ^'"^'^ ^^^roxy, lower acyloxy 
^cloaXKoxy (3-3 ^--^"^ "°::l;r mono or diaUylamino 
,1-4 carbon atoms) , amino, aicycloalkylamlno 
a-, carbon atoms, , lower mono cr V^^^^^ 
,3-8 carbon atoms), '^^.^onato (-OC(O)OR) 

cycloalHyl .3-3 f ^t'j' 4 carbon atoms or 

„Lre the R is lower aU^l o£ 1 

cycloaDcyl o£ 3-8 „ «- c- °- ^^"'^^^ 

or ureido or thioureia ^^stituted by 

20 „„„ „£ which is optionally suo 

urethane any. one of wh 
mono or di-lo«er aUcyl (1 

n (-i-a carbon atoms) , 
cycloalkyl (3-8 car ^carbon atoms), 

lower thioalkyl U ^^^caoto, lower 

T ,-,.8 carbon atoms), mercapto, 
25 thiocycloalkyl (3-S car ,^3,^^1,0,^' -lower 

alkenyl (2-4 carbon ^^-^^ ' f^^^^ ^ ,,„er acylamino (1- 
- . ^^^-^ 0-ai.yi.v-xyi- 
4 carbon atoms) , hydroxyi 

amino (1-4 carbon „gether on 

. . or aw two o£ R R ^ ^^^^^^^j^ic ring of 

contiguous carbon atoms c^Jorm ^ , ,,4- 

5-7 members or a — "7"^;^,, j.ranyl, 

dioxanyl, ----XX'rdanyl, oia.olanyl, 
pyrrolidyl, piperxdmyx, 
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thiazolanyl, diazolanyl, piperazinyl, morpholino or 
thiomorpholino ring; 

any lower alkyl group substituent on any of 
the substituents in R^-R* which contain such a moiety 
5 can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylamino, lower 
dialkylamino, N-pyrrolidyl, N-piperidinyl, N-pyridini- 
um, N-morpholino, N- thiomorpholino or N-piperazino 
groups ; 

10 if one or more of A through E are N, then 

any of R^-R* on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; 

if any of the substitutents RS R^ R^ R*' R^ 
or R* contain chiral centers, or in the case of R^ 

15 create chiral centers .on the linking atoms, then all 
stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included; and 

= lower alkyl of from 1 to 4 carbon atoms, 
amino and' mono or diloweralkyl (1-4 carbon atoms) 

2 0 amino ; 

or a pharmaceutical salt or hydrate thereof. 

77.' A method of treating psoriasis by 
treating >■ with :an effective psoriasis inhibiting 
amouritv ^a' mammal, in need thereof, a compound of 
25 Formula- I or II: . 



Ri 




Rs X h Ar — (R2)m 



I 

Re 



F rmula I 
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R1 



R5 X 




Ar — {R2)m 



Formula II 



10 



15 



20 



25 



where: three of A-E 

at least one, and as many as tnre 
. n with the remaining atom ( s ) carbon , or 

are nitrogen, wxth together can 

any two contiguous pos.t.ons .n A ^^^^ 
be a single heteroatom, N, 0 or S . 
of the two remaining atoms must be carbo 

H*. either carbon or nitrogen; 
other can be eitner c ^ ^^^^ 

X = 0. S, NH or NR^ such that k 

N OH NH lower alkoxy (1-4 
(,.4 carbon atoms), 
carbon atoms) or lower monoalkylamino 

atoms) ; 

n = 0. 1. 2; ^, . . carbon atoms); if 

Ri = H or lower alkyl (1-4 caroon 

. ^»r,Mv H or lower alkyl (1-4 
„ _ 2 can be independently H or x 

^ on either linking carbon atom; 
carbon atoms) on ^^^^^^ ^^^ms) , 

r2 is lower alkyl (1 -4 ca^,.. 
n iv^T (3-8 carbon atoms), lower alkoxy (1-4 
cycloalkyl (3 8 ^^^^ ^^^^^^^ atoms), nxtro, 

carbon atoms) . cycloalkoxy (3 

^alo (iluoro, chloro, bromo, ' ,,,,, 

•1, 1 n-4 carbon atoms), hyarojty. 
perfluoroalkyl (1 * o-C(O)R) , amino, lower 

acvloxy a-4 ;: ^^;:^ratl.=. , lower mono or 

dicy=loaUcylaa.ino (3-8 o«B 

lower acvl U-4 carbon at=^,- -=^°>/ a-, 
thloalkyl (1-4 carbon atoms), lower 
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10 



15 



20 



25 



30 



carbon atoms), lower sulfonylalkyl (1-4 carbon atoms), 
thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl 
(3-8 carbon atoms), sulf onylcycloalkyl (3-8 carbon 
atoms) , sulfonamide, lower mono or dialkylsulf onamido 
(1-4 carbon atoms), mono or dicycloalkylsulf onamido 
(3-8 carbon atoms), mercapto, carboxy, carboxamido 
(-C(O)-NHj), lower mono or dialkylcarboxamido (1-4 
carbon atoms), mono or dicycloalkylcarboxamido (3-8 
carbon atoms) , lower alkoxycarbonyl (1-4 carbon 
.atoms), cycloalkoxycarbonyl (3-8 carbon atoms) ,- lower 
alkenyl (2-4 carbon atoms), cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon atoms) , or two 
taken together on contiguous carbon atoms can form a 
carbocyclic ring of 5-7 members or a monounsaturated 
1,3-dioxolanyl, l, 4-dioxanyl, 1, 4-dioxepinyl, pyranyl, 
furanyl, pyrrolidyl, piperidinyl, thiolanyl, 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholino ring; and 

m = 0-3, wherein Ar is phenyl, thienyl, 
furanyl, pyrrolyl, pyridyl, pyrimidyl, imidazoyl, 
pyrazinyl, oxazolyl, thiazolyl, naphthyl, 
benzothienyl, benzof uranyl , indolyl, quinolinyl, 
isoquinolinyl and quinazolinyl; 

R\ R*' r5 and R* are independently, not 
present, H, lower alkyl (1-4 carbon atoms), cycloalkyl 
(3-8 carbon atoms), lower alkoxy (1-4 carbon atoms), 
cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
(1-4 carbon atoms), amino, lower mono or dialkylamino 
(1-4 carbon atoms) , lower mono or dicycloalkylamino 
(3-8 carbon atoms), lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms);, carbonato (-OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
cycloalkyl of 3-8 carbon atoms; 
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urethane any one o ^^^^^^ 
tnono or di-lower alkyl d c 

eycloal.yl (3-3 ^-^^^^ ,,,,,, ..o.s) , 

lower thioalkyi lowe- 
. loalkvl (3-8 carbon atoms), mercapto, lowe. 
^H.ocycloal.yl ( ^^arazino, N' -lower 

alkenyl (2-4 carDon * acylamino (l- 

' (1-4 carbon atoms), lower a ^ 

alkylhydrazmo (l ^ o^ o-alkylhydroxyi- 
4 carbon atoms), hydroxylamxno . lower 

amino. (1-4 ^^^^^/^^^^ ^3.^^ .aken together on 

or any two of R R ^ carbocyclic ring of 
contiguous carbon atoms can -^^^^^^^ 

5-7 members or a V f uranyl , 

aioxanyl, ---°--\ri:i l^o^^^^^^^^^^ 

thiomorphcllno rms; substituent on any of 

lower ^ J ,u=h a «oiety 



10 



15 



20 



25 



30 



groups; through E are N, then 

H« contain ohiral =en««, - aU 
„ea.e chlral centers ^"^^^^ as raceme 
3ce.eois=.ers thereof ,,cluded, and 

and/or diastereoisomeric mx«ures 
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r8 = lower alkyl of from 1 to 4 carbon atoms, 
amino and mono or diloweralkyl (1-4 carbon atoms) 
amino ; 

or a pharmaceutical salt or hydrate thereof. 

78. A method of preventing blastocyte 
implantation by treating, with an effective blastocyte 
implantation inhibiting amount, a mammal, in need 
thereof, a compound of Formulal or II: 



Ri 




^ ^ f» Ar — {R2)m 

Re 



Formula I 



10 



R1 




X h ^ —{Bz)m 



R4''°^E'^N^R8 
Re 



Formula II 



where : 

at least one, and as many as three of A-E 
are nitrogen, with the remaining atom (&) carbon, or 
any two contiguous positions in A-E taken together can 
15 be a single heteroatom, N, O or S, in which case one 
of the two remaining atoms must be carbon, and the 
other can be either carbon or nitrogen; 



PCTA3S95/00941 
WO 95/19774 

-183- 

. ^ o- = lower 
^ MR^ such that R 
X = 0' ^' „ ^ lower alKoxy 

A rarbon atoms), O"' ^' ..^ carbon 

carbon atows) or 

n-O, X, 2; ,,,, a-4 carbon atcs, , 

n . tr^r mH^. ^"'"^3, 

„,bon atoms) , =YO , lower 

„er£luoroalltyl (1-4 o"" o-C(O)K) ■ amino, 1°"=^ 
n.4 carbon atoms; -O CI ^^^^^ 



15 



20 



25 



„»rfluoroalltyl 11-' — o-c(O)K). amino, 

pertiuo ^„,bon atoms: -° ' lower mono or 

acyloxy 11-4 4 carbon atoms), 

.ono or dialWl-ino \* , '>vdro:cymet^; ' 

--nf aTcarU atoms, "C--- X.-.^^ U-^ 
'°""lt!^ . - Tl T-foarbon atoms), 

(3.8 carbon atoms), -""C P ^ ^carboxamido H 
!c,0,-«H,,, ^-"-tr^cloamloarboxamido U-S 
vr^mc;^ . tnono or ai^y carbon 
- lover allcoW"rbonyl U 

^-v,nn atoms) / -^^ T f-i-8 carbon <*^^ 

' ----- rr.^--- --r^:::::^' 

=^bocvclic ring of ^ 4_dioxep3.nyl. py 

carbocyc 4.dioxanyl, i.* , ,„vl 

n dioxolanylr " -^^nvl, thiolany^. 

' r r,vrrolidyl , piperxdxnyl , ^^^^inyl , 

furanyl, PY^-^"-" %^ , diazolanyl. P^P 
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10 



m = 0-3, wherein Ar is phenyl, thienyl, 
furanyl, pyrrolyl, pyridyl, pyrimidyl, iraidazoyl, 
pyrazinyl, oxazolyl, thiazolyl, naphthyl,' 
benzothienyl, benzof uranyl , indolyl, quinolinyl, 
isoquinolinyl and quinazolinyl; 

r3, r*' r5 and R* are independently, not 
present, H, lower alkyl (1-4 carbon atoms), cycloalkyl 
(3-8 carbon atoms), lower alkoxy (1-4 carbon atoms), 
cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
(1-4 carbon atoms), amino, lower mono or dialkylamino 
(1-4 carbon atoms) , lower mono or dicycloalkylamino 
(3-8 carbon atoms) , lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms), carbonato (-OC(O)OR) 
where the R is lower alkyl of l to 4 carbon atoms or 
15 cycloalkyl of 3-8 carbon atoms; 

or ureido or thioureido or N- or 0- linked 
urethane any one of which is optionally substituted by 
mono or di- lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms) ; 

lower thioalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms) , mercapto, lower 
alkenyl (2-4 carbon atoms), hydrazine, N' -lower 
alkylhydrazino (1-4 carbon atoms) , lower acylamino (1- 
4 carbon atoms) , hydroxyl amino, lower 0-alkylhydroxyl- 
25 amino (1-4 carbon atoms) ; 

or any two ofR^-R* taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated i, 3-dioxolanyl, 1,4- 
dioxanyl, 1. 4-dioxepinyl, pyranyl, furanyl, 
30 pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl, 

thiazolanyl, diazolahyl, piperazinyl, morpholino or 
thiomorpholino ring; 

any lower alkyl group substituent on any of 
the substituents in R^-R' which contain such a moiety 



20 
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10 



15 



20 



can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylamino, lower 
dLlkylamino, N-pyrrolidyl . N-piperidinyl. N-pyr.dxnx- 
um, N-morpho.lino, N-thiomorpholino or N-piperaz.no 
groups; ^^^^ ^ ^^^^^^^ E are N, then 

any of R^-R^ on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; 

if any of the substitutents R , R , R - ^ 
or R^ contain chiral centers, or in the case of R^ 
create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racemxc 
and/or diastereoisomeric mixtures are included; and 

RB = lower alkyl of from 1 to 4 carbon atoms, 
amino and mono or diloweralkyl (1-4 carbon atoms) 



amino ; 



or a pharmaceutical salt or hydrate thereof . 

79 A contraceptive composition comprising 
a contraceptively effective amount of a compound of 
the following Formula I or Formula II in a^^™ 
with a contraceptively acceptable excxpxent, d.luent 

or carrier: 



Ri 




Fte X ^ h^Ar — (R2)m 



Rb 



Foxmula I 



i 
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Pormula II 

where : 

at least one, and as many as three of A-E 
are nitrogen, with the remaining atom(s) carbon, or 
any two contiguous positions in A-E taken together can 
be a single heteroatom, N, 0 or S, in which case one 
of the two remaining atoms must be carbon, and the 
other can be either carbon or nitrogen; 

X = O, S, NH or m\ such that = lower 
alkyl (1-4 carbon atoms), OH, NH2, lower alkoxy (1-4 
carbon atoms) or lower monoalkylamino (1-4 carbon 
atoms) ; 

n = 0 , 1,2; 

= H or lower alkyl (1-4 carbon atoms); if 
n = 2, R^ can be independently H or lower alkyl (1-4 
carbon atoms) on either linking carbon atom; 

R^ is lower alkyl (1-4 carbon atoms) , 
cycloalkyl (3-8 carbon atoms), lower alkoxy (1-4 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nitro, 
halo (fluoro, chloro, bromo, iodo) , lower 
perfluoroalkyl (1-4 carbon atoms), hydroxy, lower 
acyloxy (1-4 carbon atoms; -O-C(O)R), amino, lower 
mono or dialkylamino (1-4 carbon atoms)-, lower mono or 
dicycloalkylamino (3-8 carbon atoms) , Jiydroxymethyl, 
lower acyl (1-4 carbon atoms; -C(O)R), cyano, lower 
thioalkyl (1-4 carbon atoms), lower sulf inylalkyl (1-4 
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10 



15 



carbon acoms) , lower sulf onylalkyi (1-4 carbon atoms), 
thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl 
(3-8 carbon atoms), sulf onylcycloalkyl (3-8 carbon 
atoms), sulfonamide, lower mono or dialkylsulf onamido 
(1-4 carbon atoms) , mono or dicycloalkylsulf onamido 
(3-8 carbon atoms), mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms), mono or dicycloalkylcarboxamido (3-8 
carbon atoms), lower alkoxycarbonyl (1-4 carbon - 
atoms), cycloalkoxycarbonyl (3-8 carbon atoms), lower 
alkenyl (2-4 carbon atoms), cycloalkenyl (4-8 carbon 
atoms), lower alkynyl (2-4 carbon atoms) , or two 
taken together on contiguous carbon atoms can form a 
carbocyclic ring of 5-7 members or a monounsaturated 
1,3-dioxolanyl, l, 4-dioxanyl, 1, 4-dioxepinyl, pyranyl, 
furanyl, pyrrolidyl, piperidinyl, thiolanyl, 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholino ring; and 

m = 0-3, wherein Ar is phenyl, thienyl, 
furanyl, pyrrolyl, pyridyl, pyrimidyl, imidazoyl, 
pyrazinyl, oxazolyl, thiazolyl, naphthyl, 
benzothienyl, benzofuranyl, indolyl, quinolinyl, 
isoquinolinyl and quinazolinyl; 

B?, R"' and R^ are independently, not 
present, H, lower alkyl (1-4 carbon atoms), cycloalkyl 
. (3-8 carbon atoms), lower alkoxy (1-4 carbon atoms), 
cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
(1-4 carbon atoms) , amino, lower mono or dialkylamino 
(l:-4 carbon atoms), lower mono or dicycloalkylamino 
30 ( 3- a carbon atoms) , lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms), carbonate (-OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
cycloalkyl of 3-8 carbon atoms;; 



20 



25 



wo 95/19774 



PCTAJS95/00941 



-188- 

or ureido or thioureido or N- or O- linked 
urethane any one of which is optionally substituted by 
mono or di- lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms); 
5 lower thioalkyl (1-4 carbon atoms) , 

thiocycloalkyl (3-8 carbon atoms) mercapto, lower 
alkenyl (2-4 carbon atoms), hydrazine, N' -lower 
alkylhydrazino (1-4 carbon atoms) , lower acylamino (1- 
4 carbon atoms) , hydroxy 1 amino, lower 0- 

10 alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R® taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated 1, 3-dioxolanyl, 1,4- 
dioxanyl, 1, 4-dioxepinyl, pyranyl, furanyl, 

15 pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl, 

thiazolanyl, diazolanyl, piperazinyl, morpholino or 
thiomorpholino ring; 

any lower alkyl group substituent on any of 
the substituent s in R^-R* which contain such a moiety 

20 can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylamino , lower 
dialkylamino, N-pyrrolidyl, N-piperidinyl , N- 
pyridinium, N-morpholino, N- thiomorpholino or N- 
piperazino groups; 

25 if one or more of A through E are N, then 

any of R^-R^ on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; 

if any of the substitutents R\ R^ R^ R*' R^ 
or R^ contain chiral centers, or in the case of R^ 

30 create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included; and 

~R® is lower alkyl of from 1 to 4 carbon 
atoms, amino or mono or diloweralkyl (1-4 carbon 

35 atoms) amino; 
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or a pharmaceutical salt or hydrate thereof. 

80 A method of treating kidney disease by 
treating, with an effective kidney disease inhibiting 
amount, a mammal, in need thereof, a compound of 
Formula I or Formula II: 



R3. 



R4- 



1 

Re 



Ri 




R5 X 



Ar — (R2)m 



Formula I 



Rs X 



R4 



I 

R6 



Ri 




Ar — (R2)m 



Fonxnila II 



10 



15 



at least one, and as many as three of A-E 
are nitrogen, with the remaining atbm(s) carbon or 
are nittwyc , p taken together can 

anv two contiguous positions m A-E taKen uog 
Ta lingle hfteroatom, 0 or S, in -ich case on^ 
of the two remaining atoms must be carbon, and 
other can be either carbon or nitrogen; 

X = 0, S, NH or NR\ such that = lower 
alkyl (1-4 carbon atoms) , OH, NH„ lower alkoxy (1-4 
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carbon atoms) or lower monoalkylamino (1-4 carbon 
atoms) ; 

n = 0, 1, 2; 
R^ = H or lower alkyl (1-4 carbon atoms) ; if 
5 n = 2, can be independently H or lower alkyl (1-4 
carbon atoms) on either linking carbon atom; 

is lower alkyl (1-4 carbon atoms) , 
cycloalkyl (3-8 carbon atoms) , lower alkoxy (1-4 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nitro, 

10 halo (fluoro, chloro, bromo, iodo) , lower 

perf luoroalkyl (1-4 carbon atoms) , hydroxy, lower 
acyloxy (1-4 carbon atoms; -O-C(O)R), amino, lower 
mono or dialkylamino (1-4 carbon atoms), lower mono or 
dicycloalkylamino (3-8 carbon atoms), hydroxymethyl , 

15 lower acyl (1-4 carbon atoms; -C(O)R), cyano, lower 

thioalkyl (1-4 carbon atoms), lower sulf inylalkyl (1-4 
carbon atoms) , lower sulf onylalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms), sulf inylcycloalkyl. 
(3-8 carbon atoms), sulf onylcycloalkyl (3-8 carbon 

20 atoms) , sulfonamide, lower mono or dialkylsulf onamido 
(1-4 carbon atoms) , mono or dicycloalkylsulf onamido 
(3-8 carbon atoms) , mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms) , mono or dicycloalkylcarboxamido (3-8 

25 carbon atoms) , lower alkoxycarbonyl (1-4 carbon 

atoms) , cycloalkoxycarbonyl (3-8 carbon atoms) , lower 
alkenyl (2-4 carbon atoms) , cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon atoms) , or two R^ 
taken together on contiguous carbon atoms can form a 

30 carbocyclic ring of 5-7 members or a monounsaturated 
1, 3-dioxolanyl, 1 , 4-dioxanyl, 1, 4-dioxepinyl, pyranyl, 
-furanyl, pyrrolidyl, piperidinyl, thiolanyl, 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomorpholino ring; and 
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ra = 0-3, wherein Ar is phenyl, thienyl, 
furanyl. pyrrolyl, pyridyl, pyrimidyl, imidazoyl, 
pyrazinyl, oxazolyl, thiazolyl, naphthyl, 
benzothienyl, benzof uranyl , indolyl, quinolxnyl, 
5 isoquinolinyl and quinazolinyl ; ^ 

r3 r*' r5 and R' are independently, not 
present, H, 'lower alkyl (1-4 carbon atoms), cycloal)cyl 
(3-8 carbon atoms), lower alkoxy (1-4 carbon atoms , 
cycloalkoxy (3-8 carbon atoms), hydroxy, lower acyloxy 
,0 (1-4 carbon atoms), amino, lower mono or dialkylammo 
(1-4 carbon atoms) , lower mono or dicycloalkylamxno 
(3-8 carbon atoms), lower alkyl (1-4 carbon -t:oms) or 
cycloalkyl (3-8 carbon atoms), carbonate (.OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
15 cycloalkyl of 3-8 carbon atoms;; 

or ureido or thioureido or N- or O- l.nked 
urethane any one of which is optionally substituted by 
mono or di-lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms); 

lower thioalkyl (1-4 carbon atoms) , 
thiocycloalkyl (3-8 carbon atoms), mercapto. lower 
alkenyl (2-4 carbon atoms), hydrazine, N' -lower 
alkylhydrazino (1-4 carbon atoms), lower acylamxno (1- 
4 carbon atoms) , . hydroxy lamino, lower 0-. 
25 alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R^ taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated l, 3-dioxolanyl. 1,4- 
dioxanyl, 1, 4-dioxepinyl, pyranyl, furanyl, 
- 30 pyrrolidyl, piperidinyl, thiolanyl, — ^^^f ' 

thiazolanyl, diazolanyl, piperazinyl, morpholmo or 

thiomorpholino ring; 

any lower alkyl group substituent on any of 
the substituents in R^-R^ which contain such a mo.ety 
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can be optionally substituted with one or more of 
hydroxy; amino, lower monoalkylamino, lower 
dialkylamino, N-pyrrolidyl , N-piperidinyl , N- 
pyridinium, N-morpholino, N-thiomorpholino or N- 
5 piperazino groups; 

if one or more of A through E are N, then 
any of R^-R^ on a neighboring C atom to one of the N 
atoms, cannot be either OH or SH; 

if any of the substitutents rS R^ R\ R^' 
10 or R^ contain chiral centers, or in the case of R^ 

create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racemic 
and/or diastereoisomeric mixtures are included; and 

R® is lower alkyl of from 1 to 4 carbon 
15 atoms, amino or mono or diloweralkyl (1-4 carbon 
atoms ) amino ; 

or a pharmaceutical salt or hydrate thereof. 

81. A method of treating pancreatitis by 
treating, with an effective amount inhibiting a 
20 mammal, in need thereof, a compound of Formula I or 
Formula II: 



Ri 

R5 X 




R6 



Ar — (R2)m 



Formula I 
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10 



20 




-(R2)m 



Formula II 

where : 

at least one, and as many as three of A-E 
are nitrogen, with the remaining atom(s) carbon, or 
any two contiguous positions in A-E taken together can 
be a single heteroatom, N, 0 or S, in which case one 
of the two remaining atoms must be carbon, and the 
other can be either carbon or nitrogen; 

X = 0, S, NH or NR\ such that R' = lower 
alkyl (1-4 carbon atoms), OH, NH^, lower alkoxy (1-4 
carbon atoms) or lower monoalkylamino (1-4 carbon 
atoms) ; 

n = 0, 1, 2; 
Rl = H or lower alkyl (1-4 carbon atoms) ; if 
15 n = 2, can be independently H or lower alkyl (1-4 
carbon atoms) on either linking carbon atom; 

r2 is lower alkyl (1-4 carbon atoms) , 
cycloalkyl (3-8 carbon atoms), lower alkoxy- (1-4 
carbon atoms), cycloalkoxy (3-8 carbon atoms), nitro, 
halo (fluoro, chloro, bromo, iodo) , lower 
perfluoroalkyl (1-4 carbon atoms) , hydroxy, lower 
acyloxy (1-4 carbon atoms; -O-C(O)R), amino, lower 
mono or dialkylamino (1-4 carbon atoms) , lower mono or 
dicycloalkylamino (3-8 carbon atoms), hydroxymethyl , 
lower acyl (1-4 carbon atoms; -C(O)R), cyano, lower 
thioalkyl (1-4 carbon atoms) , lower sulf inylalkyl (1-4 



25 
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carbon atoms) , lower sulf onylalkyl (1-4 carbon atoms) , 
thiocycloalkyl (.3-8 carbon atoms) , sulf inylcycloalkyl 
(3-8 carbon atoms) , sulf onylcycloalkyl (3-8 carbon 
atoms) , sulfonamide, lower mono or dialkylsulf onamido 
5 (1-4 carbon atoms) , mono or dicycloalkylsulf onamido 
(3-8 carbon atoms) , mercapto, carboxy, carboxamido 
(-C(0)-NH2), lower mono or dialkylcarboxamido (1-4 
carbon atoms), mono or .^dicycloalkylcarboxamido (3-8 
carbon atoms) , lower alkoxycarbonyl (1-4 carbon 

10 atoms) , cycloalkoxycarbonyl (3-8 carbon atoms) , lower 
alkenyl (2-4 carbon atoms) , cycloalkenyl (4-8 carbon 
atoms) , lower alkynyl (2-4 carbon atoms) , or two 
taken together on contiguous carbon atoms can form a 
carbocyclic ring, of 5-7 members or a monounsaturated 

15 1, 3-dioxolanyl, 1, 4-dioxanyl, 1, 4-dioxepinyl, pyranyl, 
f uranyl , pyrrolidyl , piperidinyl , thiolanyl , 
oxazolanyl, thiazolanyl, diazolanyl, piperazinyl, 
morpholino or thiomoipholino ring; and- 

m = 0-3, wherein Ar is phenyl, thienyl, 

20 f uranyl, pyrrolyl, pyridyl, pyrimidyl,- imidazoyl, 
pyrazinyl, oxazolyl, thiazolyl, naphthyl, 
benzothienyl , benzof uranyl , indolyl, quinolinyl, 
isoquinolinyl and quinazolinyl; 

R^, R^' R^ and R^ are independently, not 

25 present, H, lower alkyl (1-4 carbon atoms) , cycloalkyl 
(3-8 carbon atoms) , lower alkoxy (1-4- carbon atoms) , 
cycloalkoxy (3-8 carbon atoms) , hydroxy, lower acyloxy 
(1-4 carbon atoms) , amino, lower mono or dialkylamino 
(1-4 carbon atoms) , lower mono or dicycloalkylamino 

30 (3-8 carbon atoms), lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms), carbonate (-OC(O)OR) 
where the R is lower alkyl of 1 to 4 carbon atoms or 
cycloalkyl of 3-8 carbon atoms;; 
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or ureido or thioureido or N- or 0- linked 
urethane any one of which is optionally substituted by 
mono or di-lower alkyl (1-4 carbon atoms) or 
cycloalkyl (3-8 carbon atoms) ; 
5 lower thioalkyl (1-4 carbon atoms) , 

thiocycloalkyl (3-8 carbon atoms) , mercapto, lower 
alkenyl (2-4 carbon atoms), hydrazine, N' -lower 
alkylhydrazino (1-4 carbon atoms) , lower acylamino (1- 
4 carbon atoms) , hydroxylamino, lower 0- 
10 alkylhydroxylamino (1-4 carbon atoms) ; 

or any two of R^-R* taken together on 
contiguous carbon atoms can form a carbocyclic ring of 
5-7 members or a monounsaturated 1 , 3 -dioxolanyl , 1,4- 
dioxanyl, 1, 4-dioxepinyl, pyranyl, furanyl, 
15 pyrrolidyl, piperidinyl, thiolanyl, oxazolanyl,, 

thiazolanyl, diazolanyl, piperazinyl, morpholino or 
thiomorpholino ring; 

any lower alkyl group , substituent on any of 
the substituent s in R^-R' which contain such a moiety 
can be optionally substituted with one or more of 
hydroxy, amino, lower monoalkylamino , lower 
dialkylamino, N-pyrrolidyl, N-piperidinyl, N- 
pyridinium, N-morpholino, N- thiomorpholino or N- 

piperazino groups; 

if one or more of A through E are N, then 
any of R'-R* on a neighboring C atom to -one of the N 
atoms, cannot be either OH or SH; 

if any of the substitutents R\ rS "R^ R*' 
or R« contain chiral centers, or in the case of R' 
create chiral centers on the linking atoms, then all 
stereoisomers thereof both separately and as racem-ic 
and/or diastereoisomeric mixtures are included; and 

R« is lower alkyl of from 1 to 4 carbon 
atoms, amino or mono or diloweralkyl (1-4 carbon 
35 atoms) amino; 
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or a pharmaceutical salt or hydrate thereof 
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